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1 Introduction

We present averages of a selection of 7 lepton quantities with the goal to provide the best tests of the universality of
the charged-current weak interaction (Section 3) and of the Cabibbo-Kobayashi-Maskawa (CKM) matrix coefficient
|Vis| from 7 decays (Section 5). We focus on the averages that benefit most from the adoption of the HFLAV
methodology [1], namely a global fit of the 7 branching fractions that best exploits the available experimental
information. Since the 2016 edition, the HFLAV-Tau group has collaborated to the determination of the 7-lepton
branching fractions based on a global fit and to the related mini-review that are included in the "Review of particle
physics” [2]. The differences between the PDG 2016 fit and the fit presented here are detailed in Section 2.4.

All relevant published statistical correlations are used, and a selection of measurements, particularly the most precise
and the most recent ones, was studied to take into account the significant systematic dependencies from external
parameters and common sources of systematic uncertainty.

Finally, we report in Section 6 the latest limits on the lepton-flavour-violating 7 branching fractions and in Section 7
we determine the combined upper limits for the branching fractions that have multiple experimental results.

The 7 lepton results are obtained from inputs available through summer 2016 and have been published on the web
in 2016 with the label “Summer 2016". However, there have been minor revisions since then, and we have updated
tables and plots in this report with the label “Spring 2017".

2 Branching fraction fit

A global fit of the available experimental measurements is used to determine the 7 branching fractions, together with
their uncertainties and statistical correlations. The 7 branching fractions provide a test for theory predictions based on
the Standard Model (SM) EW and QCD interactions and can be further elaborated to test the EW charged-current
universality for leptons, to determine the CKM matrix coefficient | V5| (and the QCD coupling constant as at the 7
mass).

The measurements used in the fit are listed in Table 1 and consist of either 7 decay branching fractions, labelled as
I';, or ratios of two T decay branching fractions, labelled as I';/I';. A minimum x2 fit is performed for all the measured
quantities and for some additional branching fractions and ratios of branching fractions, and all fit results are listed in
Table 1. Some fitted quantities are equal to the ratio of two other fitted quantities, as documented with the notation
[;/T; in Table 1. Some fitted quantities are sums of other fitted quantities, for instance g = B(7 — h™v;) is the
sum of g = B(7 — 7 v;) and 19 = B(7 — K~ v;). The symbol h is used to mean either a m or K. Section 2.7
lists all equations relating one quantity to the sum of other quantities. In the following, we refer to both types of
relations between fitted quantities collectively as constraint equations or constraints. The fit 2 is minimized subject
to all the above mentioned constraints, listed in Table 1 and Section 2.7. The fit procedure is equivalent to that
employed in the previous HFLAV reports [1, 3, 4].

2.1 Technical implementation of the fit procedure

The fit computes the quantities g; by minimizing a x? while respecting a series of equality constraints on the g;. The

x? is computed using the measurements x; and their covariance matrix Vj; as

X2 = (xi — Aa) Vi 105 — Anar) (1)

where the model matrix Aj; is used to get the vector of the predicted measurements x! from the vector of the fit
parameters g; as x/ = Ajq;. In this particular implementation, the measurements are grouped according to the
measured quantity, and all quantities with at least one measurement correspond to a fit parameter. Therefore, the
matrix A; has one row per measurement x; and one column per fitted quantity gj, with unity coefficients for the
rows and column that identify a measurement x; of the quantity g;. In summary, the x? given in Eq. (1) is minimized
subject to the constraints

fr(gs) —c, =0, (2)

where Eq. (2) corresponds to the constraint equations, written as a set of “constraint expressions” that are equated to
zero. Using the method of Lagrange multipliers, a set of equations is obtained by taking the derivatives with respect



to the fitted quantities g, and the Lagrange multipliers )\, of the sum of the x? and the constraint expressions
multiplied by the Lagrange multipliers A,, one for each constraint:

min | (Aikge—xi) Vi H(Apai—) + 22 (fr(gs) — ¢) (3)
(0/0qk, /O, ) [expression above] =0 . (4

Equation (4) defines a set of equations for the vector of the unknowns (gk, \;), some of which may be non-linear,
in case of non-linear constraints. An iterative minimization procedure approximates at each step the non-linear
constraint expressions by their first order Taylor expansion around the current values of the fitted quantities, g.:

_ 0f.(gs _
o) — e~ (@) + 09| (g, g e, )
s g,
which can be written as
Bisqs — ¢, (6)

where ¢/ are the resulting constant known terms, independent of gs at first order. After linearization, the differentiation
by gx and A, is trivial and leads to a set of linear equations
-1 —1
Al Vi T Aidr + BiAr = Al Vi )

Brsqs = C; y (8)
which can be expressed as:
Fijuj = vi , ©)

where u; = (g, A,) and v; is the vector of the known constant terms running over the index k and then r in the right
terms of Eq. (7) and Eq. (8). Solving the equation set in Eq. (9) gives the fitted quantities and their covariance matrix,
using the measurements and their covariance matrix. The fit procedure starts by computing the linear approximation
of the non-linear constraint expressions around the quantities seed values. With an iterative procedure, the unknowns
are updated at each step by solving the equations and the equations are then linearized around the updated values,
until the RMS average of relative variation of the fitted unknowns is reduced below 10712

2.2 Fit results

The fit output consists of 135 fitted quantities that correspond to either branching fractions or ratios of branching
fractions. The fitted quantities values and uncertainties are listed in Table 1. The off-diagonal statistical correlation
terms between a subset of 47 “basis quantities” are listed in Section 2.6. All the remaining statistical correlation
terms can be obtained using the constraint equations listed in Table 1 and Section 2.7.

The fit has x2/d.o.f. = 137/123, corresponding to a confidence level CL = 17.84%. We use a total of 170
measurements to fit the above mentioned 135 quantities subjected to 88 constraints. Although the unitarity constraint
is not applied, the fit is statistically consistent with unitarity, where the residual is Tg9g = 1—Tay = (0.03554+0.1031)-
1072,

A scale factor of 5.44 (as in the three previous reports [1, 3, 4]) has been applied to the published uncertainties of
the two severely inconsistent measurements of g6 = 7 — KKKv by BABAR and Belle. The scale factor has been
determined using the PDG procedure, i.e., to the proper size in order to obtain a reduced x? equal to 1 when fitting
just the two gg measurements.

For several old results, for historical reasons, the table reports the total error (statistical plus systematic) in the
position of the statistical error and zero in the position of the systematic error. Since the fit depends only on the
total errors, the results are unaffected.

2.3 Changes with respect to the previous report

The following changes have been introduced with respect to the previous HFLAV report [4].

Two old preliminary results have been removed:



o 35 = B(7 — mKsv), BABAR [5],
o 40 = B(1 — 7KsmOv), BABAR [6].
They were announced in 2008 and 2009 but have not been published.

In the 2014 report, for several BABAR and Belle experimental results we used more precise numerical values than the
published ones, using internal information from the Collaborations. We revert to the published figures in this report,
as the improvements in the fit results were negligible. In so doing, we use in this report the same values that are
used in the PDG 2016 fit.

The Belle result on 7= — K2(particles) v, [7] has been discarded, because it was determined that the published
information does not permit a reliable determination of the correlations with the other results in the same paper.
The correlations estimated for the HFLAV 2014 report were inconsistent. As a result, both the covariance matrix of
the Belle results and the overall correlation matrix for the branching ratio fit results were non-positive-definite. It has
been found that the inconsistency had negligible impact on lepton universality tests and on the |V,s| measurements.

The ALEPH result on g6 (77 — W*KOWOVT) [8] has been removed from the fit inputs, since it is simply the sum
of twice M7 = 7~ K2K2w, and My = 7~ K2KP v, from the same paper, hence 100% correlated with them.

Several minor corrections have been applied to the constraints. The list of constraints included in the following fully
documents the changes when compared with the same list in the 2014 edition. In some cases the relation equating
one decay mode to a sum of modes included some minor terms that did not match the mode definitions. In other
cases, the sum included modes with overlapping components. The effects on the 2014 fit results have been found to
be modest with respect to the quoted uncertainties. For instance, the definition of the total branching fraction has
been updated as follows:

Tan= T3+Ts+To+T10+T14a+T16+T20+To3+ o7 +Tog+ T30+ T35+ T37+Tao+Ta+Ta7-(1+ ((r<Ko‘K,_> .
M oo )/ (Tekoiks> T 7o xs=))) +Tas+ T2+ 70+ 774 Te11 + a2+ Toz + Toa + 32 + Mg33 + M6 +
128 + T'g02 + 803 + M800 + M151 + 130 + M132 + Taa + Tz + Too - (1+ (Makopi> - T go i, )/ (M<ko ks> -
I %okss))) + o1+ 167 (Mo ktk— +Tokske) + 152+ To20 + 21 + Me22 + a31 + M136 + Moas + g5 -

In the 2014 definition, the term [7g = h~h~ht37%, included the contributions of s = W’WOKSOKguT and

—0 . . . _— .
32 = 7~ K nu,, which were already included explicitly in [ay. In the present definition, ['7g has been replaced with
modes whose sum corresponds to

Me10 = 27 w1 3n%, (ex. K°) .

As in 2014, the total 7 branching fraction I definition includes two modes that have overlapping final states, to a
minor extent, which we consider negligible:

Mso = 7 m°K2K2w,

_50
F132 =71 K nvr .

Finally, we updated to the PDG 2015 results [9] all the parameters corresponding to the measurements’ systematic
biases and uncertainties and all the parameters appearing in the constraint equations in Section 2.7 and Table 1.

2.4 Differences between the HFLAV Spring 2017 fit and the PDG 2016 fit

As is standard for the PDG branching fraction fits, the PDG 2016 7 branching fraction fit is unitarity constrained,
while the HFLAV 2016 fit is unconstrained.

The HFLAV-Tau fit uses the ALEPH measurements of branching fractions defined according to the final state content
of “hadrons” and kaons, where a “hadron” corresponds to either a pion or a kaon, since this set of results is closer
to the actual experimental measurements and facilitates a more comprehensive treatment of the experimental results
correlations [1]. The PDG 2016 fit on the other hand continues to use — as in the past editions — the ALEPH
measurements of modes with pions and kaons, which correspond to the final set of published measurements of the
collaboration. It is planned eventually to update the PDG fit to use the same ALEPH measurement set that is used
by HFLAV.



The HFLAV Spring 2017 fit, as in 2014, uses the ALEPH estimate for g5 = B(7 — a; (— 7 7)v,), which is
not a direct measurement. The PDG 2016 fit uses the PDG average of B(a; — my) as a parameter and defines
Mgos = B(ay — 7y) x B(t — 3wv). As a consequence, the PDG fit procedure does not take into account the
large uncertainty on B(a; — m7), resulting in an underestimated fit uncertainty on gg5. Therefore, in this case an
appropriate correction has to be applied after the fit.

2.5 Branching ratio fit results and experimental inputs

Table 1 reports the 7 branching ratio fit results and experimental inputs.

Table 1: HFLAV Spring 2017 branching fractions fit results.

7 lepton branching fraction Fit value / Exp. HFLAV Fit / Ref.

1 = (particles)™ > Oneutrals > 0 K° v, 0.8519 4+ 0.0011 HFLAV Spring 2017 fit
> = (particles)™ > O neutrals > 0 K v, 0.8453 4+ 0.0010 HFLAV Spring 2017 fit
M3 =p vuv, 0.17392 + 0.00040 HFLAV Spring 2017 fit
0.17319 £ 0.00077 + 0.00000 ALEPH [10]

0.17325 £ 0.00095 + 0.00077 DELPHI [11]

0.17342 +£0.00110 + 0.00067 L3 [12]

0.17340 £ 0.00090 + 0.00060 OPAL [13]

Ts _ pwVurr 0.9762 + 0.0028 HFLAV Spring 2017 fit
s e Vels

0.9970 4+ 0.0350 4 0.0400 ARGUS [14]

0.9796 4+ 0.0016 4 0.0036 BABAR [15]

0.9777 4+ 0.0063 4+ 0.0087 CLEO [16]

5 =e Devr 0.17816 + 0.00041 HFLAV Spring 2017 fit
0.17837 £ 0.00080 + 0.00000 ALEPH [10]

0.17760 £ 0.00060 + 0.00170 CLEO [16]

0.17877 £ 0.00109 + 0.00110 DELPHI [11]

0.17806 + 0.00104 + 0.00076 L3 [12]

0.17810 £ 0.00090 + 0.00060 OPAL [17]

rm=h" >0 KE Vr 0.12023 + 0.00054 HFLAV Spring 2017 fit
0.12400 £ 0.00700 + 0.00700 DELPHI [18]

0.12470 £ 0.00260 + 0.00430 L3 [19]

0.12100 +£ 0.00700 4 0.00500 OPAL [20]

s =h v, 0.11506 + 0.00054 HFLAV Spring 2017 fit
0.11524 £+ 0.00105 + 0.00000 ALEPH [10]

0.11520 £ 0.00050 + 0.00120 CLEO [16]

0.11571 £+ 0.00120 + 0.00114 DELPHI [21]

0.11980 £ 0.00130 + 0.00160 OPAL [22]

E = hJ/T 0.6458 4+ 0.0033 HFLAV Spring 2017 fit
s e Velr

lo=7 v, 0.10810 +£ 0.00053 HFLAV Spring 2017 fit
To _ mwr 0.6068 -+ 0.0032 HFLAV Spring 2017 fit
s e Uelsr

0.5945 4+ 0.0014 4+ 0.0061 BABAR [15]

l10=K v, (0.6960 + 0.0096) - 1072 HFLAV Spring 2017 fit
(0.6960 =+ 0.0287 + 0.0000) - 102 ALEPH [23]



Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

(0.6600 =+ 0.0700 4 0.0900) - 10~ CLEO [24]

(0.8500 =+ 0.1800 4 0.0000) - 10~2 DELPHI [25]

(0.6580 4 0.0270 + 0.0290) - 102 OPAL [26]

% = e’fﬁ”; (3.906 4 0.054) - 10™2 HFLAV Spring 2017 fit
5 elVr

(3.882 4+ 0.032 4+ 0.057) - 1072 BABAR [15]

% = % (6.438 +£0.094) - 1072 HFLAV Spring 2017 fit
9 T

11 =h" > 1neutralsv,

0.36973 £ 0.00097

HFLAV Spring 2017 fit

Mo=h">17%v, (ex. K%

0.36475 £ 0.00097

HFLAV Spring 2017 fit

M3 =h 7,

0.25924 + 0.00129 + 0.00000
0.25670 £ 0.00010 + 0.00390
0.25870 £ 0.00120 + 0.00420
0.25740 £ 0.00201 4+ 0.00138
0.25050 £ 0.00350 + 0.00500
0.25890 £+ 0.00170 + 0.00290

0.25935 + 0.00091
ALEPH

Belle

CLEO

DELPHI

L3

OPAL

HFLAV Spring 2017 fit
(10]
(27]
28]
[21]
(19]
[22]

- 0
[uu=7 v,

0.25502 £ 0.00092

HFLAV Spring 2017 fit

Me = K nur

(0.4440 + 0.0354 + 0.0000
(0.4160 + 0.0030 + 0.0180
(0.5100 4 0.1000 + 0.0700
(0.4710 + 0.0590 + 0.0230

1072
1072
1072
1072

— — — —

(0.4327 £ 0.0149) - 1072
ALEPH
BABAR
CLEO
OPAL

HFLAV Spring 2017 fit
(23]
[29]
[24]
(30]

|-17 = /77 Z 27‘(‘0 Vr
0.09910 £ 0.00310 £ 0.00270

0.10775 £ 0.00095
OPAL

HFLAV Spring 2017 fit
[22]

rls = h_27r01/7

(9.458 +0.097) - 1072

HFLAV Spring 2017 fit

Mo = h 27°%, (ex. KO)

(9.295 4+ 0.122 4 0.000) - 1072
(9.498 £ 0.320 + 0.275) - 102
(8.880 4 0.370 + 0.420) - 1072

(9.306 & 0.097) - 1072
ALEPH

DELPHI

L3

HFLAV Spring 2017 fit
(10]
[21]
(19]

E _ h=27°%. (ex. KO)
F13 - h_TFOI/T
0.3420 4 0.0060 4 0.0160

0.3588 + 0.0044
CLEO

HFLAV Spring 2017 fit
(31]

Mo = 21%; (ex. K°)

(9.242 4 0.100) - 10™2

HFLAV Spring 2017 fit

M3 = K 27°, (ex. K°)
(0.0560 = 0.0250 + 0.0000) - 102
(0.0900 = 0.1000 =+ 0.0300) - 102

(0.0640 + 0.0220) - 1072
ALEPH
CLEO

HFLAV Spring 2017 fit
(23]
(24]

Ma=h" >37%v,

(1.318 4 0.065) - 102

HFLAV Spring 2017 fit

Ms = h~ >37%w, (ex. K°)
(1.403 £ 0.214 £ 0.224) - 1072

(1.233 4+ 0.065) - 102
DELPHI

HFLAV Spring 2017 fit
(21]

I'26 = /77371'01/7—

(1.082 4+ 0.093 + 0.000) - 1072

(1.158 £0.072) - 1072
ALEPH

HFLAV Spring 2017 fit
[10]



Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

(1.700 & 0.240 4 0.380) - 10~2

L3

(19]

6 _ h_3ﬂ'ol/7—

I'13 hfﬂ'OUT

(4.400 4+ 0.300 £ 0.500) - 10~

(4.465 +0.277) - 1072
CLEO

HFLAV Spring 2017 fit
(31]

M7 =7 37%;, (ex. K°)

(1.029 4+ 0.075) - 10™2

HFLAV Spring 2017 fit

Mg = K 370, (ex. Ko,n)

(3.700 & 2.371 4 0.000) - 10~*

(4.283+£2.161) - 107*
ALEPH

HFLAV Spring 2017 fit
[23]

rzg = h_47r01/T (ex. KO)
(0.1600 + 0.0500 =+ 0.0500)

.1072

(0.1568 +0.0391) - 102
CLEO

HFLAV Spring 2017 fit
(31]

M30 = h 4%, (ex. K° 1)
(0.1120 + 0.0509 + 0.0000)

1072

(0.1099 + 0.0391) - 102
ALEPH

HFLAV Spring 2017 fit
(10]

M=K >0°>0K°>09v,
(1.700 4 0.120 + 0.190) - 1072
(1.540 4+ 0.240 + 0.000) - 1072
(1.528 = 0.039 = 0.040) - 102

(1.545 4 0.030) - 102
CLEO

DELPHI

OPAL

HFLAV Spring 2017 fit
(24]
[25]
[26]

M=K >1(x°orK°orvy)v,

(0.8528 +0.0286) - 102

HFLAV Spring 2017 fit

33 = K2(particles) v,

(0.9372 £ 0.0292) - 102

HFLAV Spring 2017 fit

(0.9700 =+ 0.0849 4 0.0000) - 10~2 ALEPH [8]

(0.9700 = 0.0900 = 0.0600) - 10~2 OPAL [32]

Fsa=h K v, (0.9865 £ 0.0139) - 1072 HFLAV Spring 2017 fit
(0.8550 =+ 0.0360 & 0.0730) - 102 CLEO [33]

s =n K v, (0.8386 £ 0.0141) - 107>  HFLAV Spring 2017 fit
(0.9280 = 0.0564 4 0.0000) - 102 ALEPH [23]

(0.8320 £ 0.0025 4 0.0150) - 102 Belle 7

(0.9500 = 0.1500 = 0.0600) - 10~2 L3 [34]

(0.9330 =+ 0.0680 = 0.0490) - 102 OPAL [35]

M7 = K K%, (0.1479 £ 0.0053) - 1072 HFLAV Spring 2017 fit
(0.1580 4 0.0453 + 0.0000) - 102 ALEPH [8]

(0.1620 = 0.0237 4 0.0000) - 10~2 ALEPH [23]

(0.1480 £ 0.0013 4 0.0055) - 102 Belle 7

(0.1510 4 0.0210 + 0.0220) - 10~2 CLEO [33]

M=K K°>0x°v, (0.2982 4 0.0079) - 1072 HFLAV Spring 2017 fit
(0.3300 = 0.0550 = 0.0390) - 102 OPAL [35]

30 = h™ K n°u, (0.5314 £ 0.0134) - 1072 HFLAV Spring 2017 fit
(0.5620 = 0.0500 = 0.0480) - 102 CLEO [33]

Fao =1~ K onvs (0.3812 £ 0.0129) - 1072 HFLAV Spring 2017 fit
(0.2940 =+ 0.0818 4 0.0000) - 10~2 ALEPH [8]

(0.3470 4 0.0646 + 0.0000) - 102 ALEPH [23]

(0.3860 £ 0.0031 4 0.0135) - 1072 Belle 71

(0.4100 =+ 0.1200 4 0.0300) - 102 L3 [34]

M2 = K 7K, (0.1502 £ 0.0071) - 1072 HFLAV Spring 2017 fit
(0.1520 =+ 0.0789 4 0.0000) - 102 ALEPH [8]



Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

(0.1430 = 0.0291 =+ 0.0000) - 102
(0.1496 + 0.0019 -+ 0.0073) - 102
(0.1450 = 0.0360 =+ 0.0200) - 102

ALEPH
Belle
CLEO

(23]

(7]
(33]

_—0
li3=7m K > 17T01/T

(0.3240 + 0.0740 =+ 0.0660) - 102

(0.4046 + 0.0260) - 1072
OPAL

HFLAV Spring 2017 fit
(35]

[4a = 7r7?07r07r°1/7 (ex. KO)

(2.600 & 2.400 4 0.000) - 10~*

(2.340 +2.306) - 10~*
ALEPH

HFLAV Spring 2017 fit
(36]

r45 = TI'_KOROVT

(0.1513 4 0.0247) - 10™2

HFLAV Spring 2017 fit

Fa7 =7 KeKSv,

(2.600 & 1.118 4- 0.000) - 10~*
(2.310 4+ 0.040 £ 0.080) - 10~*
(2.330 £ 0.033 £ 0.093) - 10~*
(2.300 £ 0.500 =+ 0.300) - 10~*

(2.33240.065) - 107*
ALEPH

BABAR

Belle

CLEO

HFLAV Spring 2017 fit
(8]

(37]

[7]

33]

— 1040
F48=7r KsKLVT

(0.1010 = 0.0264 =+ 0.0000) - 102

(0.1047 £ 0.0247) - 1072
ALEPH

HFLAV Spring 2017 fit
(8]

— 1,070 0
o= KK 7 v,

(3.540+1.193) - 107*

HFLAV Spring 2017 fit

Mso = m 7°KSKw,
(1.600 4 0.200 + 0.220) - 10~°
(2.000 4 0.216 + 0.202) - 10~°

(1.815+£0.207) - 107°
BABAR
Belle

HFLAV Spring 2017 fit
(37]
[7]

— _0,,0,-0
r51=7'l' T KsK[_l/T

(3.100 & 1.100 4 0.500) - 10~*

(3.177£1.192) - 107*
ALEPH

HFLAV Spring 2017 fit
(8]

ss=K h h htu,
(2.300 & 2.025 4 0.000) - 10~*

(2.218 +2.024) - 107*
ALEPH

HFLAV Spring 2017 fit
(8]

[54 = h™h~ht > Oneutrals > 0 Kf Vr
0.15000 + 0.00400 -+ 0.00300
0.14400 + 0.00600 =+ 0.00300
0.15100 + 0.00800 =+ 0.00600

0.15215 + 0.00061
CELLO

L3

TPC

HFLAV Spring 2017 fit
(38]
(39]
[40]

Mss = h~h~ ht > Oneutrals v, (ex. Ko)
0.14556 4 0.00105 4 0.00076
0.14960 £ 0.00090 4 0.00220

0.14567 £ 0.00057
L3
OPAL

HFLAV Spring 2017 fit
41]
(42]

Mse = h h htu,

(9.780 & 0.054) - 1072

HFLAV Spring 2017 fit

Ms7 = h~ h htu, (ex. K°)
(9.510 + 0.070 £ 0.200) - 1072
(9.317 4 0.090 + 0.082) - 1072

(9.439+£0.053) - 1072
CLEO
DELPHI

HFLAV Spring 2017 fit
43]
[21]

Ms7 h=h™htu, (ex. K°)

ss  h—h—h* > Oneutrals v, (ex. K9)
0.6600 4 0.0040 + 0.0140

0.6480 4 0.0030
OPAL

HFLAV Spring 2017 fit
(42]

Mlss = h h htu, (ex. Ko,w)
(9.469 £ 0.096 & 0.000) - 102

(9.408 £ 0.053) - 1072
ALEPH

HFLAV Spring 2017 fit
(10]

59 = matnT v,

(9.290 £ 0.052) - 1072

HFLAV Spring 2017 fit

leo=m ntn vr (ex. KO)

(9.000 £ 0.051) - 1072

HFLAV Spring 2017 fit



Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

(8.830 4 0.010 + 0.130) - 1072
(8.420 + 0.00019259) - 1072
(9.130 4 0.050 + 0.460) - 1072

BABAR
Belle
CLEO3

[44]
[45]
[46]

Feo=7 7 ntv, (ex. K° w)

(8.970 £0.052) - 1072

HFLAV Spring 2017 fit

Fes = h h~ht > 1neutralsv,

(5.325 £ 0.050) - 1072

HFLAV Spring 2017 fit

Fea=h h ht >17°%, (ex. Ko)

(5.120 £ 0.049) - 1072

HFLAV Spring 2017 fit

Fes = h~h™ htnlu.

(4.790 4+ 0.052) - 102

HFLAV Spring 2017 fit

Fee = h~h hT v, (ex. K°)

(4.734 4 0.077 £ 0.000) - 1072
(4.230 + 0.060 + 0.220) - 1072
(4.545 4+ 0.106 + 0.103) - 1072

(4.606 4+ 0.051) - 102
ALEPH

CLEO

DELPHI

HFLAV Spring 2017 fit
(10]
(43]
[21]

Fez = h h ht=’u, (ex. Ko,w)

(2.820 4 0.070) - 102

HFLAV Spring 2017 fit

- - o0
[6g =7 tr T Ur

(4.651 4 0.053) - 10™2

HFLAV Spring 2017 fit

Feo = wtn 7%, (ex. K°)

(4.190 £ 0.100 4 0.210) - 1072

(4.519£0.052) - 1072
CLEO

HFLAV Spring 2017 fit
[47]

Mo=m 7 77, (ex. Ko,w)

(2.769 +0.071) - 102

HFLAV Spring 2017 fit

Frza=h"h ht>27°, (ex. KO)
(0.5610 + 0.0680 + 0.0950) - 10~2

(0.5135 £ 0.0312) - 102
DELPHI

HFLAV Spring 2017 fit
[21]

M5 = h h” ht2rl,

(0.5024 + 0.0310) - 102

HFLAV Spring 2017 fit

F76 = h~h™hT 2, (ex. K°)
(0.4350 + 0.0461 + 0.0000) - 1072

(0.4925 + 0.0310) - 10~ 2
ALEPH

HFLAV Spring 2017 fit
(10]

M6 h=h~hT27%. (ex. Ko)

Fss  h—h—h+ > 0Oneutrals > 0K? v,

(3.400 = 0.200 =+ 0.300) - 102

(3.237 £0.202) - 1072
CLEO

HFLAV Spring 2017 fit

(48]

77 =h h ht27%, (ex. Ko,w,n)

(9.759 & 3.550) - 10~*

HFLAV Spring 2017 fit

I'7g = hihih+3ﬂ'ol/7—
(2.200 & 0.300 4 0.400) - 10~*

(2.107 £0.299) - 10~*
CLEO

HFLAV Spring 2017 fit
[49]

M7 = K~ h™h* > Oneutrals v,

(0.6297 + 0.0141) - 1072

HFLAV Spring 2017 fit

Meo = K 7 hu, (ex. K%)

(0.4363 +0.0073) - 102

HFLAV Spring 2017 fit

Mo _ K=~ h*u, (ex. K°)

Feo 7 mrm—v; (ex. KO)
(5.440 £ 0.210 4 0.530) - 102

(4.847 4 0.080) - 102
CLEO

HFLAV Spring 2017 fit
(50]

Fe1 = K™ m htnu, (ex. K°)

(8.726 £1.177) - 10~*

HFLAV Spring 2017 fit

g1 _ K=~ ht 7%, (ex. K°)
Moo m—ntn—7m0u, (ex. KO)
(2.610 4+ 0.450 + 0.420) - 1072

(1.931+£0.266) - 1072
CLEO

HFLAV Spring 2017 fit
[50]

g2 = K n ot > O neutrals v,
(0.580019:15%9 + 0.1200) - 102

(0.4780 + 0.0137) - 1072
TPC

HFLAV Spring 2017 fit
[51]

fes=K 7 at >07°v, (ex. KO)

(0.3741 £ 0.0135) - 1072

HFLAV Spring 2017 fit




Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

g4 = K77r77r+1/7

(0.3441 £ 0.0070) - 1072

HFLAV Spring 2017 fit

Fes = K- ntn v, (ex. K°)
(0.2140 + 0.0470 = 0.0000) - 102
(0.2730 + 0.0020 + 0.0090) - 10~2
(0.3300 £ 0.00101337%3) - 102
(0.3840 + 0.0140 =+ 0.0380) - 102
(0.4150 + 0.0530 =+ 0.0400) - 1072

(0.2929 + 0.0067) - 102
ALEPH

BABAR

Belle

CLEO3

OPAL

HFLAV Spring 2017 fit
[52]
(44]
[45]
[46]
(30]

Fes _ K nrnur (ex. K®)
Moo 7w 7mtn—v, (ex. KO)

(3.254 4 0.074) - 1072

HFLAV Spring 2017 fit

[g7 = K77T77T+7TOI/‘,—

(0.1331 +0.0119) - 1072

HFLAV Spring 2017 fit

Mes = K m 7 n’u, (ex. K°)
(6.100 + 4.295 + 0.000) - 10~*
(7.400 £ 0.800 4 1.100) - 10~*

(8.115+1.168) - 10~*
ALEPH
CLEO3

HFLAV Spring 2017 fit
(52]
(53]

Mgo = K 7 atn%, (ex. Ko,n)

(7.761+1.168) - 10~*

HFLAV Spring 2017 fit

Moo =7~ K~ KT > 0neutrals v,
(0.1590 = 0.0530 =+ 0.0200) - 102
(0.150019:9%% + 0.0300) - 102

(0.1495 +0.0033) - 10~2
OPAL
TPC

HFLAV Spring 2017 fit
[54]
[51]

Fs=n K Ktu,

(0.1630 + 0.0270 = 0.0000) - 102
(0.1346 £ 0.0010 = 0.0036) - 102
(0.1550 + 0.0010%5:598%) . 102
(0.1550 = 0.0060 =+ 0.0090) - 102

(0.1434 + 0.0027) - 1072
ALEPH

BABAR

Belle

CLEO3

HFLAV Spring 2017 fit
(52]
(44]
(45]
[46]

[o3 _ 7T_K_K+Z/7—

Feo 7w ntm—u, (ex. KO)
(1.600 £ 0.150 4 0.300) - 10~2

(1.593 4+ 0.030) - 102
CLEO

HFLAV Spring 2017 fit
(50]

[o4 = 7r7K7K+7r01/T
(7.500 + 3.265 4 0.000) - 10~*
(0.550 & 0.140 4 0.120) - 10~*

(0.611+0.183) - 107*
ALEPH
CLEO3

HFLAV Spring 2017 fit
[52]
(53]

oo 7 K Ktn,

leo m mtn—mou, (ex. KO)
(0.7900 = 0.4400 = 0.1600) - 102

(0.1353 + 0.0405) - 102
CLEO

HFLAV Spring 2017 fit
(50]

Foe = K K Ktu,
(1.578 £0.130 £ 0.123) - 10~°
(3.290 + 0.170731%9) . 10~°

(2.174 4 0.800) - 10~°
BABAR
Belle

HFLAV Spring 2017 fit
[44]
[45]

02 = 3h™2h" > Oneutrals v, (ex. K°)
(0.0970 + 0.0050 + 0.0110) - 1072
(0.1020 + 0.0290 + 0.0000) - 10~2
(0.1700 + 0.0220 + 0.0260) - 10~2

(0.0985 + 0.0037) - 102
CLEO

HRS

L3

HFLAV Spring 2017 fit
[55]
[56]
[41]

o3 = 3h 2htw, (ex. K°)

(7.200 -+ 1.500 + 0.000) - 10~*
(6.400 + 2.300 + 1.000) - 10~*
(7.700 £ 0.500 + 0.900) - 10~*
(9.700 + 1.500 + 0.500) - 10~*

(8.216 +0.316) - 10~*
ALEPH

ARGUS

CLEO

DELPHI

10

HFLAV Spring 2017 fit
[10]
[57]
55]
(21]
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7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

(5.100 + 2.000 + 0.000) - 10~* HRS [56]
(9.100 + 1.400 + 0.600) - 10~* OPAL 58]
Moa = 3h 2hT 7%, (ex. K°) (1.634 +0.114) - 10~* HFLAV Spring 2017 fit
(2.100 + 0.700 + 0.900) - 10~* ALEPH [10]
(1.700 + 0.200 + 0.200) - 10~* CLEO [49]
(1.600 + 1.200 + 0.600) - 10~* DELPHI [21]
(2.700 + 1.800 + 0.900) - 10~* OPAL 58]

rloe = (57T)7U7—

(0.7748 £ 0.0534) - 1072

HFLAV Spring 2017 fit

Mo =X vr

(2.909 £ 0.048) - 1072

HFLAV Spring 2017 fit

Mo = 7~ 7°
126 =T T NUr

(0.1386 £ 0.0072) - 102

HFLAV Spring 2017 fit

(0.1800 4 0.0447 + 0.0000) - 102 ALEPH [59]
(0.1350 4 0.0030 + 0.0070) - 102 Belle [60]
(0.1700 4 0.0200 + 0.0200) - 10~2 CLEO [61]
M2 = K nu, (1.547 +0.080) - 10™* HFLAV Spring 2017 fit
(2.900713%9 4 0.700) - 10~* ALEPH [59]
(1.420 £ 0.110 £ 0.070) - 10~* BABAR [62]
(1.580 =+ 0.050 + 0.090) - 10~* Belle [60]
(2.600 + 0.500 =+ 0.500) - 10~* CLEO [63]
M30 = K™ n°nur (0.483 4+ 0.116) - 107* HFLAV Spring 2017 fit
(0.460 & 0.110 4 0.040) - 10~* Belle [60]
(1.770 £ 0.560 + 0.710) - 10~* CLEO [64]
Mz =1 Ko, (0.937 4 0.149) - 107 HFLAV Spring 2017 fit
(0.880 = 0.140 + 0.060) - 10~* Belle [60]
(2.200 £ 0.700 + 0.220) - 10~ * CLEO [64]
M3 =7n 7t nu. (ex. K°) (2.184 +0.130) - 10~* HFLAV Spring 2017 fit

149 = h~w > Oneutralsv,

(2.401 4+ 0.075) - 1072

HFLAV Spring 2017 fit

Mso = h" wrr
(1.910 + 0.092 + 0.000) -
(1.600 + 0.270 4+ 0.410) -

1072
1072

(1.995 4+ 0.064) - 102
ALEPH
CLEO

HFLAV Spring 2017 fit
(59]
[65]

r150 h_qu

Fee h—h—htnou, (ex. K°)

0.4310 + 0.0330 + 0.0000
0.4640 £+ 0.0160 + 0.0170

0.4332 +0.0139

ALEPH
CLEO

HFLAV Spring 2017 fit

[66]
43]

M51 = K wur
(4.100 + 0.600 =+ 0.700) -

1074

(4.100 £ 0.922) - 107*
CLEO3

HFLAV Spring 2017 fit
(53]

- 0
I'152=h ™ WV

(0.4300 + 0.0781 4 0.0000) - 1072

(0.4058 + 0.0419) - 102
ALEPH

HFLAV Spring 2017 fit
(59]

152 h~wn® Vr

lsa ~ h—h—h+ > Oneutrals > 0K? v,

(2.667 4+ 0.275) - 102

HFLAV Spring 2017 fit

M52 h~wn® Vr

76  h—h—ht2m0u, (ex. K9)

0.8100 + 0.0600 + 0.0600

0.8241 +0.0757
CLEO

HFLAV Spring 2017 fit
(48]

11



Table 1 — continued from previous page

7 lepton branching fraction

Fit value / Exp.

HFLAV Fit / Ref.

Me7r = K ovs

(4.445+1.636) - 107°

HFLAV Spring 2017 fit

Mes = K oy (¢ — KTK™)

(2.174 +£0.800) - 10~°

HFLAV Spring 2017 fit

Meo = K™ ov- (<Z5 — KgKE)

(1.520 4+ 0.560) - 10~®

HFLAV Spring 2017 fit

rgoo = 71'7(4.)V7—

(1.954 4 0.065) - 10™2

HFLAV Spring 2017 fit

Fsoz = K™ m n v, (ex. K° w)

(0.2923 + 0.0067) - 102

HFLAV Spring 2017 fit

Mgos = K w7, (ex. K° w,7)

(4.103 +1.429) - 107*

HFLAV Spring 2017 fit

— 40,40
r304=ﬂ' KLKLVT

(2.332+£0.065) - 10~*

HFLAV Spring 2017 fit

Msos = a; (— 7 7)vr (4.000 £ 2.000) - 10~* HFLAV Spring 2017 fit
(4.000 4 2.000 + 0.000) - 10~* ALEPH [10]
Fgos = m KL KL ws (1.815+0.207) - 107° HFLAV Spring 2017 fit
Me10 =21 w1 37°0, (ex. K%) (1.924 +0.298) - 10~* HFLAV Spring 2017 fit
Mg = 7 27°wr, (ex. K°) (7.105 4+ 1.586) - 10~° HFLAV Spring 2017 fit
(7.300 4 1.200 + 1.200) - 1075 BABAR [67]
Me12 = 21 w137, (ex. KO n,w, f1) (1.344 +2.683) - 10~° HFLAV Spring 2017 fit
(1.000 4 0.800 + 3.000) - 10~° BABAR [67]
Mg20 = 31 2171,y (ex. K% w) (8.197 £0.315) - 10~* HFLAV Spring 2017 fit
Mgo1 = 37 217 v, (ex. KO w, fi) (7.677 +0.297) - 10~* HFLAV Spring 2017 fit
(7.680 4 0.040 + 0.400) - 10~* BABAR [67]
Mgox = K 21 21w, (ex. K°) (0.596 & 1.208) - 10~° HFLAV Spring 2017 fit
(0.600 4 0.500 + 1.100) - 10~° BABAR [67]
gz0 = 31 27 7w, (ex. K°) (1.623 £0.114) - 10~* HFLAV Spring 2017 fit
Mgz = 2n whwr, (ex. K°) (8.359 4 0.626) - 10~° HFLAV Spring 2017 fit
(8.400 4 0.400 + 0.600) - 10~° BABAR [67]
Mg32 = 37 27 7lu, (ex. K°, nw, fi) (3.771 £ 0.875) - 1075 HFLAV Spring 2017 fit
(3.600 4 0.300 + 0.900) - 1075 BABAR [67]
Meas = K 2 2n T 7%, (ex. K°) (1.108 + 0.566) - 10~° HFLAV Spring 2017 fit
(1.100 4 0.400 + 0.400) - 10~° BABAR [67]
Foto = 21 whnu, (n — 37°) (ex. K°) (7.136 £ 0.424) - 1075 HFLAV Spring 2017 fit
(8.270 + 0.880 4 0.810) - 10> BABAR [67]
Fou =7 2n°nvy (n — ntm 7°) (ex. K°)  (4.420 4+ 0.867) - 107° HFLAV Spring 2017 fit
(4.570 4 0.770 £ 0.500) - 10~° BABAR [67]
Fo2o = 7~ fiv, (A — 21 27Y) (5.197 4 0.444) - 10~° HFLAV Spring 2017 fit
(5.200 4 0.310 + 0.370) - 1075 BABAR [67]
Fozo =2 7ty (n = ntn 7°) (ex. K°)  (5.005 + 0.297) - 10~° HFLAV Spring 2017 fit
(5.390 4 0.270 + 0.410) - 1075 BABAR [67]
Foaa =21 whnu, (n = v7) (ex. K°) (8.606 + 0.511) - 10~° HFLAV Spring 2017 fit

(8.260 4 0.350 + 0.510) - 10>

BABAR

(67]

12



Table 1 — continued from previous page

7 lepton branching fraction Fit value / Exp. HFLAV Fit / Ref.
Foas = 7 27°7007 (1.929 +0.378) - 10* HFLAV Spring 2017 fit
Foos = 1 — lau (0.0355 £ 0.1031) - 1072 HFLAV Spring 2017 fit

2.6 Correlation terms between basis branching fractions uncertainties

The following tables report the correlation coefficients between basis quantities, in percent.

Table 2: Basis quantities correlation coefficients in percent, subtable 1.

s 23

lo 7 5

Mo 3 5 1

Mg -13 -14 -12 -3

M6 0 -1 2 -1 -16

M0 -5 -5 -7 -1 -40 2

M3 0 0 0 -2 2 -13 -22

P -4 -3 -8 -1 0 3 -36 6

Mg 0 0 0 -2 2 -13 5 -21 -29

30 -5 -4 -11 -2 -9 0 6 0 -42

I35 0 0 0 0 0 0 0 1 0 1 0

37 0 0 0 0 0 -2 1 -3 1 -3 0 -22

a0 0 0 0 0 0 1 0 1 -2 1 0 -12 4

3 Is To Tio Tia Twe T20 T2z Toz Tog T30 T35 [37 Tao

PP 0 0 0 0 1 -3 1 -5 1 -5 0 2 -21 -20
24 0 0 0 0 0 0 0 0 0 0 0 -1 0 -4
a7 0 0 0 0 0 0 0 0 0 0 0 -1 1 -4
las 0 0 0 0 0 0 0 0 0 0 0 -3 0 -2
50 0 0 0 0 0 0 0 -1 0 -1 0 0 7 0
51 0 0 0 0 0 0 0 0 0 0 0 -1 0 -1
Is3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M2 -3 -5 8 0 -4 5 -7 -1 -5 -1 -5 0 0 0
[0 -6 -6 -7 -1 -8 -1 -1 0 -1 0 0 0 0
Mz -1 0o -3 -1 -2 0 0 0 2 0 2 0 0 0
oz -1 -1 3 0 -1 2 -1 0 -1 0 -1 0 0 0
Moa 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lM26 0 0 0 0 0 -1 0 0 0 -2 0 0 0
28 0 0 1 0 0 1 0 -1 0 -1 0 0 0 0

—
w
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Table 4: Basis quantities correlation coefficients in percent, subtable 3.

0
0
0
0
-1
0
-2
-1
0
0
0
0
0
0

3

30

32

36

r151

r152

IM167

2
-1

800

802

r803

Is0s

811

Mg12

r821

lg22

o T Tia Twe T20 T2z T2z Tas T30 T35 [37 Tao

Is

Table 5: Basis quantities correlation coefficients in percent, subtable 4.

0
0
0
0
0

3

Mg31

32

lMg33

r920

Mo4s

lo T Tia Twe T20 T2z T2z T2s T30 T35 [37 Tao

Is

Table 6: Basis quantities correlation coefficients in percent, subtable 5.

[2a
a7

las

r50

51

Is3

62

-20

r70

77

o3

Moa

0
0

42

126

r128

Mgz Tas Tso Ts1 Tss3 Te2 T70 T77 Toz Toa T126 T128

[24

14



Table 7: Basis quantities correlation coefficients in percent, subtable 6.

130 0 0 0 0 0 0 0 0 0 -1 0 0 1 1
132 0 0 0 0 0 0 0 0 0 0 0 0 2 1
136 0 0 0 0 0 0 0 0 -1 0 0 0 0 0
51 0 0 0 0 0 0 0 0 12 0 0 0 0 0
152 0 0 0 0 0 0 0 -1 -11 -64 0 0 0 0
67 0 0 0 0 0 0 0 -1 0 0 1 0 0 0
800 0 0 0 0 0 0 0 -8 -69 -2 -1 0 0 0
Mg02 0 0 0 0 0 0 0 16 -6 0 0 0 0 0
803 0 0 0 0 0 0 0 -1 -19 0 0 -2 0 -1
505 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mg11 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mg12 0 0 0 0 -1 0 0 0 -1 0 0 0 0 0
Mg21 0 0 0 0 0 0 0 0 -1 0 0 0 0 0
[g22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
la2 Tas Taz Tag Tso Ts1 Ts3s Tex T70 T77 Toz Tosa T126 [128
Table 8: Basis quantities correlation coefficients in percent, subtable 7.
[g31 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mg32 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[g33 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mo20 0 0 0 0 0 0 0 0 0 0 0 0 0 0
[Noa5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
la2 Tas Taz Tag Tso Is1 Ts3 Tex T70 T77 Toz Tosa T126 128
Table 9: Basis quantities correlation coefficients in percent, subtable 8.
132 0
36 0 0
151 0 0 0
152 0 0 0 0
67 0 0 0 0 0
[s00 0 0 0 -14 -3 0
g0z 0 0 0 -2 0 1 -1
go3 0 0 0 -58 0 0 9 1
["g05 0 0 0 0 0 0 0 0 0
Mg11 0 -1 20 0 0 0 0 0 0 0
Mg12 0 -2 -8 0 0 0 0 0 0 0 -16
[g21 0 0 47 0 0 0 0 0 0 0 8 -4
22 0 0 -1 0 0 0 0 0 0 0 0 0 -1
M3 Tiz2 Tize Tisa Tis2 T167 Tsoo Tlso2 Tsos Tsos [s1i1 [s1i2 [g21  [a22
Table 10: Basis quantities correlation coefficients in percent, subtable 9.
[g31 0 0 39 0 0 0 0 0 0 0 14 -4 39 -1
g32 0 0 3 0 0 0 0 0 0 0 2 0 3 0
[g33 0 0 -1 0 0 0 0 0 0 0 0 0 -1 0
920 0 0 21 0 0 0 0 0 0 0 3 -2 35 -1
[Noa5 0 -1 25 0 0 0 0 0 0 0 10 -11 10 0
M3 Tiz2 Tize Tisa Tis2 Ti67 Tsoo Tso2 Tsos Tsos s [s12 [ga1  [a22

Table 11: Basis quantities correlation coefficients in percent, subtable 10.

832 -2
lg33 -1
Moas 17

831

-1
1
2

g32

0
0

Me33

4

o920

Mo4s
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2.7 Equality constraints

We list in the following the equality constraints that relate a branching fraction to a sum of branching fractions. The
constraint equations include as coefficients the values of some non-tau branching fractions, denoted e.g., with the
self-describing notation Ik, 0.0. Some coefficients are probabilities corresponding to modulus square amplitudes

describing quantum mixtures of states such as K, VO, Ks, Ki, denoted with e.g., Tokojks> = |<K°\K5>|2.
All non-tau quantities are taken from the PDG 2015 [9] fits (when available) or averages, and are used without
accounting for their uncertainties, which are however in general small with respect to the uncertainties on the 7
branching fractions.

The following list does not include the constraints listed in Table 1, where some measured ratios of branching fractions
are expressed as ratios of two branching fractions.

Mi=T3+Ts+To+T10+T1a+T16
+T20+ 23+ T27 + T2+ T30+ T35
+Ta0+Taa+T37+Ta2+Ta7+Tas
+ IMgoa + Mso + I's1 + s06 + 126 - [ —neutral
4 lN128 - [y —neutral + T130 [y neutral + M'132 * [ neutral
+ 800 - Myroy + 151 - Ty roy +T1s2 - Ty 0,
+ 67 - Toksk,
lo=T3+Ts+To+T10+T1a+T16
+T20+T23+ 27+ T2+ T30+ I35 (|_<70‘Ks> ‘Tkgsm070
+ I_<R°|K,_>) +Ta0- (r<R°|K5> Tks—nomo + r<F°\K,_>) +Taa- (r<?°\Ks> T kg—moro
+ I_<R°|K,_>) +Ta7- (r<R°|K5> Tks—nomo + r<?°\K,_>) + a2 (r<?°\Ks> T kg—moro
T o)+ Ta7 - (Thgrmon - Tigrmon0) + Tas - Tiegmon0
+Tgoa + 50 - (I—Ksﬁﬁoﬂo . I_Ks%ﬁoﬁo) + 51 - Tigror0
4+ Mgo6 + M126 - [y—sneutral + 128 - [ —neutral + 130 - M= neutral
+ 132 - (Mysneutral * (M0 s * Thg—smom0 +T g0 o)) 4 Teoo - Ty ro,

+ 51 - Typoy +Tis2 - Ty ynoy + Ti67 - (Moo ksky - Tkg—m0r0)
M7 ="T3s-T g0, o +To+Tsoa+T37-Tkox,>

+ 10
g =To+T10

M1 =T1a+T16+T20+ 23+ 27+ T2s
+ 30+ M35 - (Mekoikg> - Trgomon0) + 37 - (Mckojkg> - Tkg—n0r0)
+ Ta0 - (T<kokg> * Tkgsmon0) + Taz  (T<kokg> * Tkgsror0)
+ a7 - (Tkgom0n0 - Tigm070) 4+ T50 - (Tg 7070 * T kg m070)
4+ lM26 - [—neutral + MN128 - [ neutral + 130 - [ neutral
+ 132 - (Tekojkss - Thgom0r0 - Tnsneutral) + M151 - Ty r0,

+ 52Ty yroy +Ts00 Mysroy

M2 =T128 T, 370 +T30+T23+T28+ 14
+ 16+ 20+ o7 + 126 - [ 370 + T30 - [ 370

l3=T1a+T16

M7 =T128 [ 370 + T30+ 23 + M2 + T35 - (M ko k> - Tkgn0r0)
+ Ta0 - (T<koks> * Tkgsror0) + Taz + (T<kokg> - Tkgsn0r0)
+ o0 + o7 4+ Ta7 - (Mkgr070 - Tigym070) 4 M50 * (Mg 7070 - Mgy m070)
+ 126 - T30 + T37 - (Teko ks> - Tkg—m0r0) + 130 - [ y350

[1g=T23+T35- (r<K°\Ks> . rKs‘HTOﬂ-O) + 20 +T37- (r<K°\Ks> : I—Ks~>7r°7r°)

10 ="T23+4+ T2

16



[oa =To74+T2g+ T304+ T40- (r<K°|K5> : rKs~>7r°Tr°)
+ a2 - (r<K°\Ks> ' rKs—>7r°‘rr°) + a7 (rKs—”"o’ro : I_KS_”"OT"O)
+ 50 - (rKs—>7r°7r° . rKs—>7r°7r°) + 26 - rTI—>31r° +T12s - rn—>37r°
+ 130 - Ty300 + T132 - (Mckojkgs - Tkgom070 - T5370)

Mos = T128 - [ 370 + T30 + M2g + o7 + M126 - [, 370
+ 130 T30

rzﬁ = F123 . rn_,3.,r0 + r28 + r40 . (r<K°\Ks> : rK5—>7f°7T°)

+ 42 (r<K°\Ks> ' rKsaw°7r°) + T2z
r29 = r30 —+ r126 . rn_>37r0 + r130 ) r7]—>37r°

31 = T28 - [y —neutral + 23 +T2s + Ta2 + T16
+ 374+ T10 4 T67 - (Mo ksky - Tkg—n0r0)

M32 =T16 + 23 + M2g + 37 + a2 + 128 - [ neutral
+ 130 - Ty—neutral + M167 - (Mo ksk, - rKSAn%O)
F33 = F35 . F<70‘K5> + r40 . F<R0‘Ks> + r42 . r<K°\K5>
+ a7 +Tag +Ts0+ 51+ M37 - [ kojkg>

+ 32 (r<?°|Ks> Ty sneutral) + Faa - r<7°\Ks> + 167 - Tpoksky

M34 =T35 4+ 37

M3 =Ta2+ 37

30 =Ta0+ a2

[a3 =Ta0+ a4

l46 = Tag + a7 + Mgoa

[40 =50 + 51 + s06

Msa = T35 - (MTekoks> " Tkgontn—) + 37 (MTckoiks> * Tkgontn)
+Ta0- (r<K°\Ks> : rK5~>7r+7r*) + Tz (r<K°\Ks> : rK5~>7r+7r*)
+ r47 : (2 ' rKs~>7r+7r* : rK5~>7'r°7r°) + r48 : rKs~>7r+7r*
+ r50 . (2 : rKs—>7r+7r_ : rKs—H'roﬂ’o) + r51 : rKs—>7r+7r_
+ 53 - (r<?°\Ks> ‘Tkg—mom0 + r<?°|K,_>) + 62 +T70
4+ 77 +T78 +To3 4+ TMoa 4+ M26 - [ charged
+ r128 : rn—>charged + r130 : rn—)charged + r132 : (r<?0|KL> : rn—>7r+7'r_7r°
+ r<?o‘Ks> . rKs—>7r°7r° . rn_,ﬂ,+ﬂ.—,ro + F<70|KS> . rKs—>7r+7r— . rn_>3.n.o)
+ lis1 - (rw—>ﬂ'+1‘r—7r° + rw—>7r+7r_) + M52 (rw—>1r+7r_7r° + rw—»ﬂ"*“rr_)
+T167 - (Tyok+k— +Tookskr " Tkgosntn—) + Ts02 + 03
+ 00 - (Mymtr—m0 + Toymtn—)

55 = IN128 - rn%charged + 52 (rw—>7r+7r*ﬂ-° + rw—m—"‘r*) + 78
4+ T77 4+ Tos +Te2 + 70 + Moz 4+ M26 - [ charged
+ r802 + r803 + r300 . (rw—>7r+7r_7r° + rw—>7r+7r_) + r151 . (rw—>7r+7'r_7r°
+ rw—>7\'+7\'_) + N30 - rn—)charged + 68

Ms6 = M35 - (T<koiks> *Mkgsmtn—) + 62+ Tz + 37 (Mekoikgs * Migmtn—)
4+ Tso2 4+ Tso0 - Iy rtm— +T151 - Tyt = + 168

57 =Te62+To3+Tgo2+Tg00 [, ortr— + 151 [ ortr

+ MN67 - r¢_>K+K7

l'sg =62+ To3 + g0z + M167 - [y k-
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Mso = 35 - (MT<kojks> * Thgmtrn—) +Te2+ 00 - Myt
Feo =Te2 + g0 * [yt

l63 = l40 - (r<K°\Ks> ’ rKs—Hr“’ﬂ'*) +Ta2- (r<K°\Ks> ’ rKs%W‘LW*)
+ a7 (2 : rKs—>7r+7r— : rK5—>7r°7r°) + o0 (2 : rKs—>7r+7r— : rKs—>71-°7r°)
4+ 70+ T77 +T78 4+ Toa 4+ M26 - [ charged
+ 128 - Ty scharged + 1130 * Tyscharged + 132 - (M0 ¢ o Tiegsmtn— - Tysneutral
+ r<?o\Ks> : rKs%-,rOﬂ-D : rnﬁcharged) + 51 - rw—>7r+7r*‘n—° + M52 - (rw—>7r+ﬂ'*1r°

+ rw—>7r+7r*) + r800 : ru—}ﬂ'""n’ﬂ'o + r803

Fea=T78+T774+Tosa+T70+ 126 - rn~>7r+7r*7r°
+ I-128 : r77—>7r+7r*7r° + I_130 . r"l—>7r+71'*7r° + r800 : ru.z—>7'r‘"‘n'77\’0

+ 51 - rb_,_>71—+7|——7r0 + M52 - (ru—>7r+7r—7r° + rw—>7‘r+7‘r‘) + so3

Fos = M0 - (MTckoiks> * MTkgomtn—) T a2 (MTekojkgs  Tkgymtn—)
+T70+Toa+T12s T, tr—no+T1s1 T yrtro

4+ Tis2 T st +T800 [ rtr—ro + 803

Fee =T70+Toa+T128 T, 4o+ T1s1 Ty rtr—ro

4+ Tis2 Tt +T800 [ yrtr—ro + 803

le7 =T70+Toa+T128- T, 4,0 + 03

Fes = a0 (T<kojks>  Tkgmtn—) + 70+ T1s2 Ty srtrm
+ 800 - [y rtrm—ro0

leo = Tis2 - Ty rtr— +T70 + 800 - Myt =0

I_74 = r152 : rw—>ﬁ+7r_7r° + r78 + r77 + r126 : rn_*ﬂ'+7"_7"0

+ T30 Ty rtn—ro

M7s =Tis2 [y ptr—ro +Ta7 - (2 Ty yrt = - Tikg—sn070)
+T77+T126 Ty ptn—ro +T130 Tyt 0

F76 =T1s2 - T yntr—mo +T77 +T126 - T ot r—ro +T130 T, it 0

78 =Tg10 + 50 - (2 . rKs*).n.+Tr7 . rKs*m-DTro) 4+ T32 - (r<7°|Ks> : I—Ks~>7r+7r’ . r'q~>37r°)

M7o =T37 - (MT<koikg> Tkgomtr—) +Ta2 (Mckojkg> " Tkgomtrn—)
+ r93 + r94 + r128 . rn—»charged + r151 : (rw—)ﬂ'+ﬂ'_7\’o
4T ntn— )+ T1es + Mgo2 + Ms03

leo =To3+ g0z + 151 Iy ntrm
g1 =128 - rn_m+,r—ﬁo + loa + Mgo3 + IN151 - rw—>7r+7r77'r°

Mg2 = MN2g - [ scharged + Ma2 - (MT<kokg> * Tgmtr—) + 802

+ T3 + M5t (Myymtr—r0 + Tntn—) + 37 - (Tckojkg> - Thgosmtn—)

Mes =T128 - [t r— 0 + Mg02 + g0z + Ni51 - (Mt 0
+ rw—>7r+7'r_)

Fga = Mgo2 + M151 - Ty st + 37 - (Tekoikgs - Tigomtn—)
les = Tgo2 + 151 - [, ot r

Fe7 = Ta2 - (Mckojkg> " Tkgsmtn—) F 128 Ty srtm—mo +Ti51 - Ty yrt im0

+ lso3
lgg =T128 [ 4 rn—r0 + 803+ 51Tyt ro

lgo = Tgo3 + MNis1 - I, st 0
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Fo2 =Toa + o3

Fo6 =167 - Ty kK-

102 = 03 + 04

103 =Tg20+ g2 + 831 [, brn—
104 = T30 + l833

Mos = T30+ Taa - T _jo, . +Ta7+Ts3-Tkopng>

+ 774+ T103 + T126 - (Myo300 + Ty yrbn—r0) +T152 - Ty b= 0

lM1o="T10+T16+ 23+ T2+ T35+ T4a0
+ 28 + g2 + Mso3 + MNi51 + N30 + MN132
+ Taa 4+ 53 4+ N6 + MN6o + Ms22 + lNe33

149 = M52 + Mg00 + N151

150 = oo + MN151

Mes =67 - [yt k-

l60 = 67 - Tp—ksky

Mgoa = a7 - ((r<K°|KL> : r<?°|KL>)/(r<K°\Ks> ) r<7°|Ks>))
Teos = Mso - ((M<kojk,> - r<?°|K,_>)/(r<K°\Ks> ) r<7°|;<s>))
[g10 = Mo10 + NMou1 + 811 - [, it =0 + 812

20 = 920 + INs21

lg30 =930 + IMs31 - [, i+ r—r0 + 832

Fo10 = lN36 - [, 370

Fo11 =Toas - [t 0

Fozo =T136 [yt o

loaa =T136 - [~y

Fan=T3+Ts+To+T10+T14+T16
420+ T23+ 27+ T2+ T30+ 35
+ 37+ Tao + Taz + Taz - (1 + ((MTakoiy > T g, )/ (Tkoims> T g0 kg5)))
+Tag+Te2 + 70 + 77 + 811 + 812
+ o3 + MNoa + Mg32 + MNg33 + MN126 + [N128
+ g02 + 803 + MN'goo + MN151 + MN130 + MN132
+Taa+Ts3+Ts0 (14 ((MTekopk, > - r<7°|K,_>)/(r<'<°\’<s> : r<?°|Ks>)))
+ 51+ N7 - (Mg krk— + Tosksk,) + Mis2 4+ Moo
+ g21 + Mg22 + MNg31 + MN136 + Moas + INgos

3 Tests of lepton universality

Lepton universality tests probe the Standard Model prediction that the charged weak current interaction has the
same coupling for all lepton generations. The precision of such tests has been significantly improved since the 2014
edition by the addition of the Belle 7 lifetime measurement [68], while improvements from the 7 branching fraction
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fit are negligible. We compute the universality tests as in the previous report by using ratios of the partial widths of
a heavier lepton A decaying to a lighter lepton p [69],

B\ = vap7,)  GaGom3 [ M3\ _\ o\
P; __ P )\f l27 RWR'y'

FA = vapvp(7)) =

5 o 19273
where
G, =g7p2 f(x) =1—8x+8x> — x* — 12x%Inx
TV ’
R&V=1+2A';§V+§Ar;§/ [70, 71, 72, R§=1+O‘(2’Z*) (245—7r2> .

We use RT =1—43.2-10"* and R¥ =1 —42.4-10" [69] and My from PDG 2015 [9]. We use HFLAV Spring
2017 averages and PDG 2015 for the other quantities. Using pure leptonic processes we obtain

(gT) = 1.0010 + 0.0015 , <g7> — 1.0029 + 0.0015 , (g“> = 1.0019 + 0.0014 .

gﬂ ge e

Using the expressions for the T semi-hadronic partial widths, we obtain

2
(g,.)2 B(r — hv)  2mpmiTy <1—mﬁ/mﬁ>

gu - B(h— uv,) (14 6R;jp)mir, \ 1 — m2/m?2

where h = 7 or K and the radiative corrections are 0R, /. = (0.16 =0.14)% and R, x = (0.90 + 0.22)% [73, 74,
75, 76]. We measure:

(gf) =0.9961 + 0.0027 , (gT> = 0.9860 + 0.0070 .
8u/ 8u/ k

Similar tests could be performed with decays to electrons, however they are less precise because the hadron two body
decays to electrons are helicity-suppressed. Averaging the three g, /g, ratios we obtain

(gf) — 1.0000 + 0.0014
8u/ rirtk

accounting for statistical correlations. Table 12 reports the statistical correlation coefficients for the fitted coupling
ratios.

Table 12: Universality coupling ratios correlation coefficients (%).

8e

8u

& 49 48

&7

e) 24 26 2

&) 11 10 ‘1 6
v /) K

£ () () ¢
Eu 8e 8e 8u ) o
Since there is 100% correlation between g /g, g-/8e and g, /ge, the correlation matrix is expected to be positive

semi-definite, with one eigenvalue equal to zero. Due to numerical inaccuracies, one eigenvalue is expected to be
close to zero rather than exactly zero.

4 Universality improved B(7 — ev?) and Rpag

We compute two quantities that are used in this report and that have been traditionally used for further elaborations
and tests involving the 7 branching fractions:
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e the “universality improved” experimental determination of B, = B(7 — ev?), which relies on the assumption
that the Standard Model and lepton universality hold;

e the ratio Ryaq between the total branching fraction of the 7 to hadrons and the universality improved B, which
is the same as the ratio of the two respective partial widths.

Following Ref. [77], we obtain a more precise experimental determination of B using the 7 branching fraction to
uvw, By, and the 7 lifetime. We average:

e the B, fit value Is,

e the B, determination from the B, = B(r — uvv) fit value I's assuming that g,/ge = 1, hence (see also
Section 3) B = By, - f(m2/m2)/f(m?/m?),

e the B, determination from the 7 lifetime assuming that g,/g, = 1, hence B. = B(p — evev,) - (77/7,) -
(me/my)> - f(mZ/m2)/f(mZ/m3) - (0767,)/(340y,) where B(j — eTev,,) = 1.

Accounting for statistical correlations, we obtain
B = (17.815 + 0.023)%.

We use BU" to obtain the ratio

F(r — h Mhodron
Rng = 7 > hadrons) _ Thagrons _ 3 6349 4 0082,
M — evp) Buni

where (7 — hadrons) and I'(7 — ev?) indicate the partial widths and TMyadrons is the total branching fraction of the
7 to hadrons, or the total branching fraction in any measured final state minus the leptonic branching fractions, i.e.,
with our notation Mhadrons = Fanl — '3 — I's = (64.76 = 0.10)% (see Section 2 and Table 1 for the definitions of I'ay,
I3, I's). We underline that this report’s definition of MNhadrons corresponds to summing all 7 hadronic decay modes,
like in the previous report, rather than — as done elsewhere — subtracting the leptonic branching fractions from unity,
i.e., I'hadmns =1- F3 — F5.

5 |Vys| measurement

The CKM matrix element magnitude |V,s| is most precisely determined from kaon decays [78] (see Figure 1), and
its precision is limited by the uncertainties of the lattice QCD estimates of the meson decay constants ff“(O) and
fx /fr. Using the 7 branching fractions, it is possible to determine |V,s| in an alternative way [79, 80] that does
not depend on lattice QCD and has small theory uncertainties (as discussed in Section 5.1). Moreover, |V,s| can be
determined using the 7 branching fractions similarly to the kaon case, using the same meson decay constants from
Lattice QCD.

5.1 |V from B(T7 — X.v)

The 7 hadronic partial width is the sum of the 7 partial widths to strange and to non-strange hadronic final states,
Mad = s + M'va. The suffix “VA" traditionally denotes the sum of the 7 partial widths to non-strange final states,
which proceed through either vector or axial-vector currents.

Dividing any partial width ', by the electronic partial width, ', we obtain partial width ratios R, (which are equal
to the respective branching fraction ratios By /B.) for which Ryag = Rs + Rya. In terms of such ratios, |V,s| can be
measured as [79, 80]

Rva
Vus TS — Rs ——>5 —OR eor: )
v \/ /[ = e

where § Riheory can be determined in the context of low energy QCD theory, partly relying on experimental low energy
scattering data. The literature reports several calculations [81, 82, 83]. In this report we use Ref. [81], whose
estimated uncertainty size is intermediate between the two other ones. We use the information in that paper and the
PDG 2015 value for the s-quark mass ms = 95.00 £ 5.00 MeV [9] to calculate § Riheory = 0.242 £ 0.032.
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Table 13: HFLAV Spring 2017 7 branching fractions to strange final states.

Branching fraction HFLAV Spring 2017 fit (%)
K~ v, 0.6960 + 0.0096
K=, 0.4327 4 0.0149
K=2r%:. (ex. K°) 0.0640 + 0.0220
K=31%:, (ex. K% n) 0.0428 + 0.0216
Kv, 0.8386 + 0.0141
K n%u, 0.3812 + 0.0129
Km0, (ex. K°) 0.0234 + 0.0231
K°h=h=htv, 0.0222 + 0.0202
K~ nu- 0.0155 + 0.0008
K™=, 0.0048 4 0.0012
K, 0.0094 = 0.0015
K~ wv, 0.0410 + 0.0092
K= ¢vr (¢ = KYTK™) 0.0022 + 0.0008
K= ¢v. (¢ — KIKD) 0.0015 =+ 0.0006
K= n~rmtv, (ex. K° w) 0.2923 + 0.0067
K=~ mt 1%, (ex. K° w, 1) 0.0410 4+ 0.0143
K= 2r 2r%v, (ex. K°) 0.0001 + 0.0001
K=2r 21t 7%, (ex. K°) 0.0001 + 0.0001
X v, 2.9087 + 0.0482

We proceed following the same procedure of the 2012 HFLAV report [3]. We sum the relevant 7 branching fractions
to compute Bya and B and we use the universality improved BU™ (see Section 4) to compute the Rya and R; ratios.
In past determinations of |V,s]|, for example in the 2009 HFLAV report [1], the total hadronic branching fraction has
been computed using unitarity as BN, = 1 — B, — B,,, obtaining then Bs from the sum of the strange branching
fractions and By from Bﬁ;‘é—Bs. We prefer to use the more direct experimental determination of Bya for two reasons.
First, both methods result in comparable uncertainties on |V,s|, since the better precision on BN, = 1 — B, — B,
is vanified by increased statistical correlations in the expressions (1 — B. — B,,)/Bi"" and Bs/(Bhad — Bs) in the
| Viis| calculation. Second, if there are unobserved 7 hadronic decay modes, they would affect Bya and Bs in a more
asymmetric way when using unitarity.

Using the 7 branching fraction fit results with their uncertainties and correlations (Section 2), we compute Bs =
(2.90940.048)% (see also Table 13) and Bya = Bhadrons — Bs = (61.85+£0.10)%, where Bhadrons is equal to [Mhadrons
defined in section 4. PDG 2015 averages are used for non-7 quantities, and |V,4| = 0.97417 & 0.00021 [84].

We obtain |Vs|,s = 0.2186 £ 0.0021, which is 3.10 lower than the unitarity CKM prediction |Vs|uni = 0.22582 +
0.00089, from (|Vius|uni)?> = 1 — |V.g|>. The |Viys|+s uncertainty includes a systematic error contribution of 0.47%
from the theory uncertainty on 0 Riheory- There is no significant change with respect to the previous HFLAV report.

5.2 |V, from B(m — Kv)/B(m — 7v)

We compute |V,s| from the ratio of branching fractions B(r — K~ v,)/B(t — 7~ v,) = (6.438 £0.094) - 10~2 from
the equation [70]:

QN

— m2)? 1+ 0R.k
—m2)* 1+ 0R/x

B(r = K7vy)  f2|Visl? (m
B(t = 7 v;)  f2|Vug|? (m

(14 0Rk/x)

AN
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-0 K3, PDG 2016
0.2237 £ 0.0010

o K, PDG 2016
0.2254 + 0.0007

(- CKM unitarity, PDG 2016
0.2258 + 0.0009

—e— T - sincl.,, HFLAV Spring 2017
0.2186 + 0.0021
—e— T - Kv/1 - 1v, HFLAV Spring 2017
0.2236 + 0.0018
—e— T average, HFLAV Spring 2017

0.2216 + 0.0015

0.22 0.225
IVl Spring 2017

Figure 1: |V,s| averages.

We use fx/fr = 1.1930 & 0.0030 from the FLAG 2016 Lattice averages with Ny =2+ 1+ 1 [85],

1+0R,/k 14 (0.90+0.22)%
14+6R.;x 1+ (0.16 +0.14)%

14 0Ri/r = 1+ (—~1.13+0.23)% [70, 86, 87] .

[73, 74, 75, 76] ,

We compute |Vis|-k/» = 0.2236 £ 0.0018, 1.10 below the CKM unitarity prediction.

5.3 |Vys| from 7 summary

We summarize the |V,s| results reporting the values, the discrepancy with respect to the |V,s| determination from
CKM unitarity, and an illustration of the measurement method:

[Visluni = 0.22582 + 0.00089 [from /1 — |V,4|2 (CKM unitarity)] ,
[Vuslrs =0.2186 +£0.0021 —3.10 [from (77 — X, v.)].
|Vislrk/m = 02236 £0.0018 —1.10 [from (77 = K v;)/T(17 =7 v.)] .

Averaging the two above |V,s| determinations that rely on the 7 branching fractions (taking into account all corre-
lations due to the 7 HFLAV and other mentioned inputs) we obtain, for |V,s| and its discrepancy:

|Vius|- = 0.2216 £0.0015 —2.40 [average of 2 |V,s| T measurements] .

All | V5| determinations based on measured 7 branching fractions are lower than both the kaon and the CKM-unitarity
determinations. This is correlated with the fact that the direct measurements of the three major 7 branching fractions
to kaons [B(T — K~ v;), B(tr — K= n%.) and B(T — W_VOVT)] are lower than their determinations from the kaon
branching fractions into final states with leptons within the SM [70, 88, 89].

A recent determination of | V5| [90, 91] that relies on the 7 spectral functions in addition to the inclusive 7 — X;v
branching fraction reports a |V,s| value about 1o lower than the CKM-unitarity determination. This determination
uses inputs that are partially different from the ones used in this report. Specifically, the HFLAV average of B(T —
K~ v;) has been replaced with the SM prediction based on the measured B(K~ — 1~ 7,) and the HFLAV average
of B(r — K~ 7%,) has been replaced with an in-progress BABAR measurement that is published in a PhD thesis.
Both changes increase the resulting 7 — Xsv inclusive branching fraction. This study claims that the newly proposed
|Vus| calculation has a more stable and reliable theory uncertainty, which could possibly have been underestimated
in former studies, which are used for the HFLAV |V,4| average.
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In previous editions of the HFLAV report, we also computed |V,s| using the branching fraction B(t — Kv) and
without taking the ratio with B(7 — 7v). We do not report this additional determination because it did not include
the long-distance radiative corrections in addition to the short-distance contribution, and because it had a negligible
effect on the overall precision of the | V| calculation with T data.

Figure 1 reports the HFLAV |V,s| determinations that use the 7 branching fractions, compared to two |V,s| deter-
minations based on kaon data [2] and to | V| obtained from | V4| and the CKM matrix unitarity [2].

6 Upper limits on 7 lepton-flavour-violating branching fractions

The Standard Model predicts that the 7 lepton-flavour-violating (LFV) branching fractions are too small to be
measured with the available experimental precision. We report in Table 14 and Figure 2 the experimental upper limits
on these branching fractions that have been published by the B-factories BABAR and Belle and later experiments. We
omit previous weaker upper limits (mainly from CLEO) and all preliminary results presented several years ago. The
previous HFLAV report [4] still included a few preliminary results, which have all been removed now.

Table 14: Experimental upper limits on lepton flavour violating 7
decays. The modes are grouped according to the properties of their
final states. Modes with baryon number violation are labelled with

“BNV".
o,
Decay mode Category g(l)_ﬁ)ni?_ Exp. Ref.
Ms6 =€ by 331078 BaBw  [92]
156 = €7 12-10~7 Belle [93]
Ms7 =py 44-107% BaBR  [92]
Fis7 = p~y 45-107% Belle [93]
Msg = e 7° ¢pP° 13-1077 BaBwR  [94]
Msg = e 7° 8.0-107% Belle [95]
Msg = pu~7° 11-1077 BaBR  [94]
M50 = pu~7° 12-1077 Belle  [95]
M0 = e~ K2 33-10% BaBw  [96]
M0 = e K2 2.6-107% Belle [97]
Fie1 = p~ K 4.0-107% BaB®R  [96]
Me1 = p~ K¢ 2.3-107% Belle [97]
Me2=¢€"n 1.6-1077 BAB&R  [94]
Me2 = €77 9.2-107% Belle [95]
M63 =47 1.5-1077 BaBaR  [94]
M163 =47 6.5-107% Belle [95]
172 = e 7/ (958) 24-1077 BaBR  [94]
M172 = e 1/ (958) 1.6-1077 Belle [95]
r173 = ,LL_’I’]I(958) 1.4. 10_7 BAB/AR [94]
r173 = /.L_'f]/(958) 1.3. 10_7 Belle [95]
s = e p° (V0 46-100% BaB®R  [9§]
M6a = e p° 1.8-1078% Belle [99]
Mes = 1~ p° 26-107% BaBw  [98]
M6s = 1 p° 12108 Belle  [99]
Me6 =€~ w 1.1-1077 BABa&R  [100]
Mes =€ w 4.8-1078 Belle [99]
Me7 = B~ w 1.0-1077 BaBa&R  [100]
Me7r = p~ w 47-107% Belle [99]
68 = €~ K*(892)0 59.1078 BABAR [98]
Mg = e K*(892)° 3.2:107% Belle [99]
g0 = p1~ K*(892)° 1.7-1077 BAB&R  [98]
g0 = pu~ K*(892)° 7.2-107% Belle [99]
M170 = e" K (892)° 46-10"% BaB®R  [98]
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Table 14 — continued from previous page

o,
Decay mode Category g(l).ﬁni(tl Exp. Ref.
70 = e K (892)° 34-107% Belle  [99]
M71=p K (892)° 7.3-107% BaBwR  [98]
M7= p~ K (892)° 70-1078 Belle  [99]
M7 =€ ¢ 3.1-107% BaBwR  [98]
M76 =€ ¢ 3.1-107% Belle [99]
M7 =p¢ 1.9-107" BaBwR  [98]
M7z =p" ¢ 8.4-107% Belle [99]
[174 = e~ f5(980) (S0 32-10°% Belle  [101]
75 = u‘fo(980) 3.4-107% Belle [101]
M7 =e ete” 1444 29-1078 BaB&R  [102]
M7s = e ete” 2.7-107% Belle [103]
7o =e putpu~ 32-107% BaBawR  [102]
M7 =e putpu~ 27-1078 Belle [103]
Figo=p ety 26-107% BaBa&  [102]
Figo=p etp~ 1.7-107% Belle  [103]
Mg1=p ete” 22-107% BaBaR  [102]
Mg = p ete” 1.8-1078 Belle [103]
g = e‘;ﬁ‘e‘ 1.8-107% BaBAR [102]
Mg =e pute” 1.5-1078 Belle [103]
Mig3 = p~ ptp~ 3.8-1077 ATLAS [104]
Mgz = p ptp~ 33-107% BaBa&R  [102]
Mgz = p ptp~ 2.1-107% Belle [103]
g3 = u_u+u_ 46-10°8 LHCb [105]
F184 =e ntn~ fhh 1.2.10°7 BABAR [].06]
Mga=e wtm™ 2.3.1078 Belle [107]
Fgs = eTm 7~ 2.7-1077 BaBa&R  [106]
Mgs =etm 7™ 2.0-107% Belle [107]
Mg = pmtm 29-1077 BaB®R  [106]
F186 = ,u7ﬂ'+ﬂ'7 2.1- 1078 Belle [107]
Mgr =ptnm™ 7.0-107% BaBa&R  [106]
Fig7 = ptm— 7™ 3.9-107% Belle  [107]
Mg =e 7K™ 32-1077 BaBa&R  [106]
Mgs = e mHK™ 3.7-107% Belle [107]
g0 =€~ Ktm— 1.7-1077  BABAR [106]
Figo = " Ktm™ 3.1-107% Belle  [107]
Moo = et~ K~ 1.8-1077 BABAR  [106]
Moo =etm” K~ 32-107% Belle [107]
M1 = e” KOK? 7.1-107% Belle [97]
Mo2 = e KK~ 14-1077 BaBR  [106]
Moo =e KTK™ 3.4-107% Belle  [107]
Moz =e"K~ K~ 1.5-1077 BABA&R  [106]
M3 ="K~ K~ 3.3-107% Belle [107]
Mos = p~ 7T K- 26-1077 BaB&R  [106]
Moqa = p 7F K™ 8.6-10"% Belle [107]
Figs = p~ Kt~ 3.2-1077 BaBa  [106]
o5 = p~ K*m™ 45.107% Belle  [107]
M6 = ptm™ K~ 22-1077 BaBa&R  [106]
Moe = ptm™ K~ 48-107% Belle [107]
M7 = = K2K2 8.0-10~% Belle [97]
Mo =~ KTK™ 25-1077 BaBa&R  [106]
Mo =~ KYK™ 4.4-107% Belle  [107]
rlgg = ,U,+K7K7 4.8 - 1077 BABAR [106]
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Table 14 — continued from previous page

90% CL
Decay mode Category Limit Exp. Ref.
M09 = pt K=K~ 47-1078 Belle [107]
Moy =nA BNV 721078 Belle  [108]
Moy =m"A 1.4-107" Belle [108]
F215 =pu pu- 4.4 . 10_7 LHCb [109]
M216 = Pptp~ 33-1077 LHCb  [109]

7 Combination of upper limits on 7 lepton-flavour-violating branching
fractions

Combining upper limits is a delicate issue, since there is no standard and generally agreed procedure. Furthermore,
the 7 LFV searches published limits are extracted from the data with a variety of methods, and cannot be directly
combined with a uniform procedure. It is however possible to use a single and effective upper limit combination
procedure for all modes by re-computing the published upper limits with just one extraction method, using the
published information that documents the upper limit determination: number of observed candidates, expected
background, signal efficiency and number of analyzed 7 decays.

We chose to use the CLg method [110] to re-compute the 7 LFV upper limits, since it is well known and widely used
(see the Statistics review of PDG 2013 [2]), and since the limits computed with the CLs; method can be combined
in a straightforward way (see below). The CLs method is based on two hypotheses: signal plus background and
background only. We calculate the observed confidence levels for the two hypotheses:

Qobs P
Cl—s—i-b = Ps+b(Q < Qobs) = / ddsQ—{—b dQ, (10)
Qobs
CLo = Pu(Q < Quu) = [ r2da, (11)

where CLs., is the confidence level observed for the signal plus background hypotheses, CL,, is the confidence level

observed for the background only hypothesis, d’;’g" and % are the probability distribution functions (PDFs) for the
two corresponding hypothesis and @ is called the test statistic. The CLs value is defined as the ratio between the
confidence level for the signal plus background hypothesis and the confidence level for the background hypothesis:

_ CLs+b

Ly = . 12
s ==L, (12)

When multiple results are combined, the PDFs in Egs. (10) and (11) are the product of the individual PDFs,

—(si+bi)(c. \n
N n € (si + bi)
[z 22050 . [T/, [siSi(x) + biBi(xy)]
CLS = —b; |,n N ! (13)
MY, S, S 1= B:6)
- - n:

where N is the number of results (or channels), and, for each channel i, n; is the number of observed candidates, x;;
are the values of the discriminating variables (with index j), s; and b; are the number of signal and background events
and S;, B; are the probability distribution functions of the discriminating variables. The discriminating variables x;;
are assumed to be uncorrelated. The expected signal s; is related to the 7 lepton branching fraction B(t — £)
into the searched final state f; by s; = N;e;B(7 — f;), where N; is the number of produced 7 leptons and ¢; is the
detection efficiency for observing the decay 7 — f;. For ete™ experiments, N; = 2L;0,,, where L; is the integrated
luminosity and o, is the 7 pair production cross section o(ete™ — 7777) [111]. In experiments where 7 leptons
are produced in more complex multiple reactions, the effective N; is typically estimated with Monte Carlo simulations
calibrated with related data yields.

26



The extraction of the upper limits is performed using the code provided by Tom Junk [112]. The systematic
uncertainties are modeled in the Monte Carlo toy experiments by convolving the S; and B; PDFs with Gaussian
distributions corresponding to the nuisance parameters.

Table 15 reports the HFLAV combinations of the 7 LFV limits. Since there is negligible gain in combining limits of
very different strength, the combinations do not include the CLEO searches and do not include results where the
single event sensitivity is more than a factor of 5 lower than the value for the search with the best limit.

Figure 3 reports a graphical representation of the limits in Table 15. The published information that has been used
to obtain these limits is reported in Table 16.

Table 15: Combinations of upper limits on lepton flavour violating
decay modes. The modes are grouped according to the properties of
their final states. Modes with baryon number violation are labelled

with “BNV".
90% CL

Decay mode Category Limit Refs.
Ms56 = €77y by 5.4-1078 [93, 92]
57 = noy 5.0-10"8 [93, 92]
Mg = e 70 (PO 49.10°8 [95, 94]
M59 = pu~m° 3.6-1078 [95, 94]
60 = €~ Kg 1.4.1078 [97, 96]
M1 = no Kg 1.5-10°8 [97, 96]
Fe2=en 55-1078 [95, 94]
M3 = nn 3.8.-10°8 [95, 94]
72 = e 1’ (958) 9.9-10°8 [95, 94]
M73 = 1~ n'(958) 6.3-1078 [95, 94]
64 = e‘po AVA 1.5-10°8 [99, 98]
M5 = p=p° 1.5-1078 [99, 98]
M6 =€ w 33-10°8 [99, 100]
Mer =p w 40-10°8 [99, 100]
s = €~ K*(892)0 2.3-10°8 [99, 98]
g9 = n K*(892)0 6.0-10°8 [99, 98]
M0 =e K (892)° 2.2.1078 [99, 98]
M7= p~ K (892)° 42-.10°8 [99, 98]
M7 =€ ¢ 2.0-1078 [99, 98]
M7z =p"0¢ 6.8-1078 [99, 98]
78 = e ete” Y274 1.4-10°8 [103, 102]
7o =e putp~ 1.6-1078 [103, 102]
Mgo=p et~ 9.8-107° [103, 102]
Mg1=pu ete” 1.1-1078 [103, 102]
Mg = e‘u+e_ 8.4-107° [103, 102]
Megz=p putp" 1.2-107% [103, 102, 105]
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Table 16: Published information that has been used to re-compute
upper limits with the CLs method, i.e. the number of 7 leptons pro-
duced, the signal detection efficiency and its uncertainty, the number
of expected background events and its uncertainty, and the number
of observed events. The uncertainty on the efficiency includes the
minor uncertainty contribution on the number of 7 leptons (typically
originating on the uncertainties on the integrated luminosity and on
the production cross-section). The additional limit used in the com-
binations (from LHCb) has been originally determined with the CL,

method.
Decay mode Exp. Ref. (mill\lli‘;ns) effl(il/j;](:y Nbkg Nobs
Ms6 = e 7y BABAR  [92] 963  3.9040.30 1.60 + 0.40 0
Ms6 = e~ Belle [93] 983 3.004£0.10 5.1443.30 5
Ms57 = 7y BABAR  [92] 963 6.10+050 3.6040.70 2
Ms7 = p 7y Belle [93] 983  5.07+0.20 13.9045.00 10
Msg = e n° BABAR  [94] 339 2.83+0.25 0.1740.04 0
Msg = e O Belle [95] 401 3.934+0.18 0.2040.20 0
M50 = p~ w0 BABAR  [94] 339  4.7540.37 1.33+£0.15 1
M50 = p~7° Belle [95] 401  453+0.20 0.58+0.34 1
Meo = e K2 BABAR  [96] 862 9.10+173  05940.25 1
Meo =e™ Kg Belle [97] 1274 10204067  0.18 £0.18 0
Me1=p~ K% BABAR  [96] 862  6.144+020 0.3040.18 1
Me1=p~ K§ Belle [97] 1274 10.704+0.73  0.35+0.21 0
MMe2=e™ N BABAR  [94] 339 2124020 0.2240.05 0
Me2=e"7n Belle [95] 401 287+020 0.7840.78 0
Mes=pu N BABAR  [94] 339 3594041 0.7540.08 1
Me3=p"n Belle [95] 401  4.08+£0.28  0.6440.04 0
M72 = e 1’ (958) BABAR  [94] 339 153+0.16 0.124+0.03 0
M172 = e~ 1'(958) Belle [95] 401 1.59 £0.13 0.01+0.41 0
M173 = p~n'(958) BABAR  [94] 339 2184026 0.4940.26 0
M73 = pu~n'(958) Belle [95] 401 2474020 0234046 0
Mes =e p° BABAR  [98] 820  7.3140.20 1.32+0.17 1
Mes =e p° Belle [99] 1554 7584041  0.29+0.15 0
Mes = u~ p° BABAR  [98] 829 4524040 2.04+0.19 0
Mes = pup° Belle [99] 1554 7.09+0.37 1.484+0.35 0
Mes = e~ w BABAR  [100] 829 2.96+0.13  0.3540.06 0
Mes = e w Belle [99] 1554 2924018 0.30+£0.14 0
Me7 = p~w BABAR  [100] 829 256+0.16  0.7340.03 0
Me7 = p~ w Belle [99] 1554  238+0.14 0.724+0.18 0
Mes = e~ K*(892)° BABAR  [98] 8290  8.0040.20 1.65 +0.23 2
Mes = e~ K*(892)°  Belle [99] 1554  437+£0.24 0.2940.14 0
Meo = u~ K*(892)° BABAR  [98] 829 4.60 +0.40 1.79 £0.21 4
Meo = p~ K*(892)°  Belle [99] 1554 3394019  0.53+£0.20 1
M70 = e~ K'(892)° BABAR  [98] 829 7.80 £+ 0.20 2.76 +0.28 2
M70 = e~ K (892)°  Belle [99] 1554 4414025  0.08+£0.08 0
M71=p~ K'(892)° BABAR  [98] 820  4.104+0.30 1.7240.17 1
M71=p  K'(892)° Belle [99] 1554  3.604+0.20  0.45+0.17 1
M7e =e ¢ BABAR  [98] 829  6.40+020 0.6840.12 0
M7 =e ¢ Belle [99] 1554 4184025  0.47 £0.19 0
Mz =p"¢ BABAR  [98] 829 5204030 2.7640.16 6
M7z =p¢ Belle [99] 1554  3.214+0.19  0.06 +0.06 1
M7g =e ete~ BABAR  [102] 868 8.60 & 0.20 0.12 £0.02 0
M78 =e ete™ Belle [103] 1437 6.00+0.59  0.21+£0.15 0
M70 = e~ putp~ BABAR  [102] 868  6.40+0.40 0.5440.14 0
Mo =e putpu~ Belle [103] 1437 6.10+058  0.10+£0.04 0
Mgo = p et~ BABAR  [102] 868 10.20+0.60  0.0340.02 0
Mgo=p etp™ Belle [103] 1437 10.104+0.77  0.02+£0.02 0
Mgy = p etTe BABAR  [102] 868 8.80+0.50 0.6440.19 0
Mg1 =p ete™ Belle [103] 1437 9304073  0.04+£0.04 0
Mgr=e pute™ BABAR  [102] 868 12.70+0.70  0.3440.12 0
Mgx=e pute™ Belle [103] 1437 11.504+0.89  0.01 +£0.01 0
Mgz =p ptp~ BABAR  [102] 868  6.60+0.60  0.4440.17 0
Mes=p putu~ Belle [103] 1437 7.60 + 0.56 0.13+0.20 0
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Figure 2: Tau lepton-flavor-violating branching fraction upper limits summary plot. In order to appreciate the physics
reach improvement over time, the plot includes also the CLEO upper limits reported by PDG 2016 [2].
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Figure 3: Tau lepton-flavour-violating branching fraction upper limits combinations summary plot. For each channel
we report the HFLAV combined limit, and the experimental published limits. In some cases, the combined limit is
weaker than the limit published by a single experiment. This arises since the CLs method used in the combination
can be more conservative compared to other legitimate methods, especially when the number of observed events
fluctuates below the expected background.
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A Branching fractions fit measurement list by reference

Table 17 reports the measurements used for the HFLAV-Tau branching fraction fit grouped by their bibliographic

reference.

Table 17: By-reference measurements list.

Reference / Branching Fraction

Value

BARATE 98 (ALEPH) [52]
Mgs = K ntn v, (ex. KO)
Mes = K w70, (ex. Ko)
Fos=n K Ktu,

[oq4 = TF_K_K+7TOI/-,-

0.00214 + 0.0004701
0.00061 + 0.0004295
0.00163 + 0.0002702
0.00075 + 0.0003265

BARATE 98E (ALEPH) [8]
33 = K2(particles) v,
M7 = K~ K%,

40 = 71'7?071’01/7

M2 = K 7°K°;

Mar =7 KIKSv,

Mie = KK vr

Ms1 = 7°KEK v~

Ms3 =K h h htu,

0.0097 =+ 0.000849
0.00158 + 0.0004531
0.00294 + 0.0008184
0.00152 + 0.0007885
0.00026 + 0.0001118
0.00101 + 0.0002642
(31+1.1+05)-107*
0.00023 + 0.000202485

BARATE 99K (ALEPH) [23]
Mlo=K v,

Me =K 7°u,

M3 = K 27°u, (ex. Ko)
Me = K 31w, (ex. K°,n)
[35 = ’iT_?OI/T

Mz = K- K%,

[40 = 7T7?07T0V7—

M2 = K 7°K°,

0.00696 + 0.0002865
0.00444 + 0.0003538
0.00056 + 0.00025
0.00037 £ 0.0002371
0.00928 + 0.000564
0.00162 + 0.0002371
0.00347 £ 0.0006464
0.00143 + 0.0002915

BARATE 99R (ALEPH) [36]

[y = 71'7?07107101/7 (ex. KO)

0.00026 + 0.00024

BUSKULIC 96 (ALEPH) [66]
50 h~wv,

Tes _ h—h—h*n%, (ex. K°)

0.431 £0.033

BUSKULIC 97C (ALEPH) [59]
M26 =7 7 nUs

M28 = K nus

Mso = h wr,

- 0
|-152=h ™ WV

0.0018 + 0.0004472
. —4 —

(29713 " +0.7)-107*

0.0191 4 0.000922

0.0043 + 0.000781

SCHAEL 05C (ALEPH) [10]
M=p vy

[5 =e Vevr

e =h v,

M3 =h 7,

Mo = h™27°%0, (ex. Ko)

[ = h737r01/7

M30 = h 4%, (ex. K° 1)
Mss=h h htu, (ex. Ko,w)
Fes = h~h™ hTn°u, (ex. K°)

31

0.17319 £ 0.000769675
0.17837 £ 0.000804984
0.11524 £ 0.00104805
0.25924 + 0.00128973
0.09295 + 0.00121655
0.01082 £ 0.000925581
0.00112 + 0.000509313
0.09469 + 0.000957758
0.04734 + 0.000766942



Table 17 — continued from previous page

Reference / Branching Fraction

Value

M6 = hh~ ht2r%u. (ex. KO)
F103 = 3h_2h+V7 (ex. KO)
Mo0a = 3h 20 7%, (ex. K°)

Mgos = a; (=7 )vs

0.00435 -+ 0.000460977
0.00072 + 0.00015

(0.021 4 0.007 + 0.009) - 102
(4+2)-107*

ALBRECHT 88B (ARGUS) [57]
F103 = 3h_2h+V7— (ex. KO)

0.00064 + 0.00023 £ 0.0001

ALBRECHT 92D (ARGUS) [14]
E RNz

s € Velr

0.997 £ 0.035 + 0.04

AUBERT 07AP (BABAR) [29]

- 0
F15=K ™ Vs

0.00416 + 3 - 107° 4+ 0.00018

AUBERT 08 (BABAR) [44]
Moo =7 77 v, (ex. K°)
Mes = K- ntn v, (ex. K°)
Fs=n K Ktu,

Foe = K K Ktu,

0.0883 + 0.0001 + 0.0013
0.002734+2-107°+9-107°
0.0013464+1-10"°>+3.6-107°

15777 -107°+1.3-107°+1.2308-107°

AUBERT 10F (BABAR) [15]
[z

F5 - € Velr

[ T Ur

F5 e Velr
Mo K v,
[g € Vels

0.9796 + 0.0016 + 0.0036

0.5945 + 0.0014 + 0.0061

0.03882 £ 0.00032 £ 0.00057

DEL-AMO-SANCHEZ 11E (BABAR) [62]
M2 =K nur

0.000142+1.1-1075+7-107°

LEES 12X (BABAR) [67]

Menn = 27°wv, (ex. K°)

Me12 = 27 7w 37%, (ex. K° m, w, f1)
Mgo1 = 37 277 v, (ex. K w, f1)
Fe22 = K21 27t w, (ex. K%)

Mg31 = 27 7w wuy (ex. KO)

Mes2 = 37 27 7w, (ex. K n, w, f1)
Mgs3 = K 2 27 70, (ex. KO)

(73+£12+1.2)-107°
(0.140.084+0.30)-107*
(7.684+0.04 £0.40) - 107
(06+05+1.1)-107°
(844+04+06)-107°
(0.36 £0.03+0.09) - 10™*
(114+04+04)-107°

Moo = 21 whnu, (n — 37°) (ex. K°) (8.27+0.88+0.81) - 107°
Foi =7 27%nvr (n — ot~ 7°) (ex. K°)  (4.57£0.77 £ 0.50) - 10~°
Fo20 = 7~ A, (A — 27 21Y) (5.20+£0.31+0.37) - 107°
Foso =21 wtnu, (n = ntn~ 7% (ex. K°)  (5.39£0.27 +0.41) - 10~°
Foas = 2 whnu, (n = v7y) (ex. K°) (8.26 +0.35+0.51) - 107°
LEES 12Y (BABAR) [37]

Far =7 KeKSv, (2.3140.04 £0.08) - 10~*
Mso =7 m KeKov, (1.60 +0.20 +0.22) - 1075

FUJIKAWA 08 (Belle) [27]

—_0
F13=h T Vs

0.2567 +£1-10~% 4 0.0039

INAMI 09 (Belle) [60]
126 = 7r_7r0771/T

28 = K nu-

M30 = K n°nus

F132 = 71'_?0771/7—

0.001354+3-10°+7-107°
0.000158+5-107®+9.10°
46-107°4+1.1-107°+4.107°
88-10°+14-107°+6-10°°

LEE 10 (Belle) [45]
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Table 17 — continued from previous page

Reference / Branching Fraction

Value

Moo =7 77 v, (ex. K°)
Mes = K ntr v, (ex. K°)
Fos=m K Ktu,
Foe =K K K*u,

0.0842 4 0190026
0.0033 + 1. 10-5+0:00016

—5
0.00155 + 1 - 10~5+010 77

-5 —6+1.9-107°
3.29-107>4+1.7-10 5 0.10-6

RYU 14vpc (Belle) [7]
35 = 71'7?0117

Mz = K K%,

[40 = 71'_?071'01/7

M2 = K- 7°K%;

Mz =7 KSK2v,

— 0,,0,.0
Mo =7 7 KsKsvr

8.32-1072+0.3% + 1.8%
14.8-107*+0.9% + 3.7%
3.86-1073+0.8% + 3.5%
14.96-107* +1.3% + 4.9%
2.33-107% +1.4% + 4.0%
2.00-107° +10.8% + 10.1%

BEHREND 89B (CELLO) [38]

Msa = h~h~ h* > Oneutrals > 0 K v~

0.15 £ 0.004 £ 0.003

ANASTASSOV 01 (CLEO) [49]
Ms =h h h 37,
F104 = 3h72h+7l'0V7— (ex. KO)

0.00022 +£3-107°+4-10°
0.00017+2-10"54+2.1075

ANASTASSOV 97 (CLEO) [16]
[E Tz

s € Velsr
F5 = e_DeyT

rg = h71/7—

0.9777 + 0.0063 £+ 0.0087

0.1776 + 0.0006 £ 0.0017
0.1152 4+ 0.0005 £+ 0.0012

ARTUSO 92 (CLEO) [61]

_ _ 0
M2 =7 7 U,

0.0017 £ 0.0002 £ 0.0002

ARTUSO 94 (CLEO) [28]

-0
F13:h T Vs

0.2587 +0.0012 £ 0.0042

BALEST 95C (CLEO) [43]

Ms7 = h™h htu, (ex. K°)

Fes = h™h™hTn’u, (ex. K°)
Mso h~wv,

66 h—h—h*7%, (ex. K°)

0.0951 £+ 0.0007 £ 0.002
0.0423 + 0.0006 + 0.0022

0.464 +0.016 £ 0.017

BARINGER 87 (CLEO) [65]

M50 = h" wr,

0.016 £ 0.0027 £ 0.0041

BARTELT 96 (CLEO) [63]
M2 = K nu,

(26 +£0.5+0.5)-107*

BATTLE 94 (CLEO) [24]

Mlo=K v,

6 = K_WOVT

M3 = K 21, (ex. K°)
1=K >0a°>0K°> 090,

0.0066 + 0.0007 + 0.0009
0.0051 £+ 0.001 £ 0.0007
0.0009 + 0.001 £ 0.0003
0.017 £ 0.0012 £ 0.0019

BISHAI 99 (CLEO) [64]
M0 = K~ 7°nu,

[132 = Wfkonl/f

(1.77£0.56 £0.71) - 10™*
(22+0.70+0.22) - 107*

BORTOLETTO 93 (CLEO) [48]

76 h—h~ht27%, (ex. Ko)

Msa T hh-ht > Oneutrals > 0K v,

M52 h_wﬂ'o Vr

l76  h=h—h+21% ., (ex. K°)

0.034 £+ 0.002 £ 0.003

0.81 £ 0.06 £ 0.06

COAN 96 (CLEO) [33]



Table 17 — continued from previous page

Reference / Branching Fraction

Value

[34 = hfﬁom
Mz = K~ K%,
[39 = hikoﬂ‘ol/-r
M2 = K 7K,

— 0,0
M7 =7 KsKsvr

0.00855 = 0.00036 + 0.00073
0.00151 = 0.00021 + 0.00022
0.00562 =+ 0.0005 + 0.00048
0.00145 = 0.00036 = 0.0002
0.00023+5-10"°>+£3-107°

EDWARDS 00A (CLEO) [47]

Moo =7 ntn 1w, (ex. Ko)

0.0419 + 0.001 £+ 0.0021

GIBAUT 94B (CLEO) [55]
Mo2 = 3h 2hT > Oneutrals v, (ex. KO)
Mos = 3h 2htu, (ex. KO)

0.00097 + 5 - 10~% 4+ 0.00011
0.00077 +5-10"54+9.1075

PROCARIO 93 (CLEO) [31]
Mo h=27°%. (ex. KO)

T3 h=mu,
@ _ h= 37,
|-13 - h77T01/7—

Mo = h™47°0, (ex. KO)

0.342 £ 0.006 + 0.016

0.044 £ 0.003 = 0.005
0.0016 + 0.0005 £ 0.0005

RICHICHI 99 (CLEO) [50]

Mso K n htu. (ex. KO)
Teo 7 7mtm— v, (ex. K9)
M1 K7~ ht=°, (ex. KO)
Feo m—ntm—7Ou, (ex. K°)

fs 7 K Ktu
Feo 7 mtm—v, (ex. K°)
Foa T K K,

Feo 7w mtn—mu, (ex. KO)

0.0544 £+ 0.0021 £ 0.0053

0.0261 + 0.0045 £ 0.0042

0.016 £ 0.0015 £ 0.003

0.0079 £+ 0.0044 4 0.0016

ARMS 05 (CLEO3) [53]
Mgs = K 7 ntnlu, (ex. KO)
[o4 = 7T7K7K+7r°1/7

F151 = K_u.JI/T

0.00074 + 8- 10~ 4 0.00011
(55+14+12)-107°
(41+06+0.7)-107*

BRIERE 03 (CLEO3) [46]
Moo =n 777 v,y (ex. K°)
Fes = K- ntr v, (ex. K°)

Ffs=m K K'u,

0.0913 + 0.0005 =+ 0.0046
0.00384 + 0.00014 + 0.00038
0.00155+6-10"°+9-10°

ABDALLAH 06A (DELPHI) [21]
le=h v,

M3 = h77r01/7

Mo = h 27°%, (ex. KO)
Ms=h" >37%v, (ex. K%)
Fs7=h h htv, (ex. K°)

Fee = h h™ ht=’v, (ex. Ko)
Fza=h"h h">27%0, (ex. K%)
Mos = 3h 2h" v, (ex. KO)

M4 = 3h 2hT 7°0, (ex. KO)

0.11571 £ 0.0012 £ 0.00114
0.2574 + 0.00201 + 0.00138
0.09498 £ 0.0032 £ 0.00275
0.01403 £ 0.00214 £ 0.00224
0.09317 =+ 0.0009 + 0.00082
0.04545 £ 0.00106 + 0.00103
0.00561 + 0.00068 £ 0.00095
0.00097 + 0.00015 4+ 5- 107>
0.00016 + 0.00012 +6 - 10>

ABREU 92N (DELPHI) [18]
r,=h">0K v,

0.124 4+ 0.007 £ 0.007

ABREU 94K (DELPHI) [25]
r10 = K_VT
M=K >0a°>0K°>0qv,

0.0085 £+ 0.0018
0.0154 + 0.0024

ABREU 99X (DELPHI) [11]

M3 =p vy,

0.17325 £ 0.00095 £ 0.00077
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Table 17 — continued from previous page

Reference / Branching Fraction

Value

[ = e Vevs

0.17877 £ 0.00109 £ 0.0011

BYLSMA 87 (HRS) [56]
M2 = 3h 2h" > Oneutrals v, (ex. KO)
o3 = 3h™ 2h*w, (ex. K°)

0.00102 + 0.00029
0.00051 + 0.0002

ACCIARRI 01F (L3) [12]
M=p vuvr

F5 = e_ﬁel/T

0.17342 £ 0.0011 £ 0.00067
0.17806 £ 0.00104 £ 0.00076

ACCIARRI 95 (L3) [19]
rr=h">0K v,

3 = h_7r°1/T

Mo = h™27%:, (ex. K°)

er = h737|'01/7—

0.1247 + 0.0026 + 0.0043
0.2505 £ 0.0035 £ 0.005
0.0888 + 0.0037 £ 0.0042
0.017 4 0.0024 + 0.0038

ACCIARRI 95F (L3) [34]
F35 = 71'_?01/7

-0 o
[so=7 K 7v,

0.0095 + 0.0015 4 0.0006
0.0041 £+ 0.0012 £ 0.0003

ACHARD 01D (L3) [41]
Mss = h™h™h™ > Oneutrals v, (ex. K°)
M2 = 3h 2hT > Oneutrals v, (ex. KO)

0.14556 + 0.00105 £ 0.00076
0.0017 £+ 0.00022 + 0.00026

ADEVA 91F (L3) [39]
Msa = h~h™ h* > Oneutrals > 0K} v~

0.144 4 0.006 £ 0.003

ABBIENDI 00C (OPAL) [35]
[35 = ’iT_ROI/T
F3g = K7K0 2 071'01/7—

_—0
Ms=n K >17°u,

0.00933 + 0.00068 £ 0.00049
0.0033 + 0.00055 + 0.00039
0.00324 £ 0.00074 £ 0.00066

ABBIENDI 00D (OPAL) [54]
Moo =7 K Kt > Oneutrals v,

0.00159 + 0.00053 £ 0.0002

ABBIENDI 01J (OPAL) [26]
MNo=K v,
M=K >0x°>0K°> 090,

0.00658 + 0.00027 £ 0.00029
0.01528 + 0.00039 £ 0.0004

ABBIENDI 03 (OPAL) [13]

M=p vy

0.1734 £+ 0.0009 £ 0.0006

ABBIENDI 04J (OPAL) [30]
I'16 = K77T01/7—
Mes = K- wtn v, (ex. K°)

0.00471 £ 0.00059 + 0.00023
0.00415 + 0.00053 £ 0.0004

ABBIENDI 99H (OPAL) [17]

F5 = eiﬁel/-,-

0.1781 £+ 0.0009 £ 0.0006

ACKERSTAFF 98M (OPAL) [22]
s =h v,

M3 =h 7,

frz=h" >27°%,

0.1198 +0.0013 + 0.0016
0.2589 1+ 0.0017 £ 0.0029
0.0991 £+ 0.0031 £ 0.0027

ACKERSTAFF 99E (OPAL) [58]
o3 = 3h 2htw, (ex. K°)
F104 = 3h_2h+7'l'0V7— (ex. KO)

0.00091 + 0.00014 46 - 10>
0.00027 £ 0.00018 + 9 - 10™°

AKERS 94G (OPAL) [32]

33 = K2(particles) v,

0.0097 + 0.0009 + 0.0006

AKERS 95Y (OPAL) [42]
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Table 17 — continued from previous page

Reference / Branching Fraction Value
lss = h~h™h™ > Oneutrals v, (ex. K°) 0.1496 =+ 0.0009 + 0.0022
F57 _ hihih+l/7— (ex. KO)

0.66 £+ 0.004 + 0.014

ss  h—h—hT > Oneutrals v, (ex. K9)

ALEXANDER 91D (OPAL) [20]

fr=h" >0K v, 0.121 4 0.007 + 0.005
AIHARA 87B (TPC) [40]

lsa = h™h™h™ > Oneutrals > 0 K_ v~ 0.151 + 0.008 + 0.006
BAUER 94 (TPC) [51]

Me2 = K 7 7" > Oneutralsv, 0.005873:9015 + 0.0012
Moo =7~ K~ KT > Oneutrals v, 0.0015%2:9909 + 0.0003
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